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ABSTRACT
The fundamental nature of the realtionship between Populus 
species and Me lampsora larici-populina Kleb. was investigated by 
adopting the detached leaf culture technique.
Employing a spore settling tower to ensure constant spore 
load, leaf disks (1.76 cm) of P. deltoides '7-2', *7-9', '7-10',
'7-13' and '60/164' were inoculated with six isolates of 
larici-populina. The inoculated leaf disks were floated on 10 ppm 
gibberellic acid solution, maintained at 20+1 C and disease reaction 
was assessed at 13 days. The isolates were identified as races based 
on the qualitative reactions, immune, hypersensitive-necrotic and 
susceptible. Differing disease severity levels (assessed on 
incubation period to flecking, uredinia per leaf disk and 
urediniospores per mnf) occurred when leaf disks of the 'congenial 
cultivars' P. x euramericana '1-488', **1 — 214' , *65/27' and P_^_ nigra 
cv. 'evergreen' were inoculated and cultured under the same 
conditions with races A, B, D and E selected from six races which gave 
qualitatively distinct reactions on the differential (P. deltoides) 
cultivars. These differences in disease severity permitted the 
assessment of relative resistance in the cultivars and relative 
aggressiveness in the pathogen races. Regardless of the disease 
parameters or cultivars employed, race A could be recognised as more 
aggressive than race D, while differences in aggressiveness between B 
and E were not distinguishable.
The incubation period to flecking (IPF) assessed over all 
the races on the 'congenial cultivars' was negetively correlated (R - 
Ü.5461) with the uredinia per leaf disk (ULD), a commonly used 
parameter of the disease severity.
When inoculated with races A, B, D and E of the fungus, the 
disease severity level in some differential cultivars (j^ deltoides 
'7-2', '7-9' and '7-13') and in all the 'congenial cultivars' was
Vdifferentially sensitive to the temperature of incubation, with 
increased resistance at 25 rather than at 12 or 20 C. In the
'congenial cultivars' the mean incubation period was shorter and the
. . . . . 2 mean uredmia per leaf disk, and the mean ured miospores per mm were
higher with increasing temperature of incubation.
The temperature of growth (pre-inoculation temperature) of 
the 'congenial cultivars', independently, and in concert with the 
temperature of incubation (post-inoculation temperature), interacted 
differentially with the cultivar / race combinations. When leaf disks 
cut from the leaves obtained from the 'congenial cultivars' grown at 
28/20 (day/night) at 20/10 C were inoculated separately with the races 
of the pathogen and subsequently incubated at either 20 or 25 C, the 
disease severity was lowest in the combination of high pre- and 
post-inoculation temperature. At the other extreme (low pre- and 
post-inoculation temperature)the disease severity was highest. The 
variances due to temperature factors, cultivars, races and their 
interactions were significant at 0.05 or beyond. For all disease
parameters, except on one occasion, the variances due to the 
temperature variables and their interactions were greater than those 
due to the cultivars, races or their interactions.
Variation in light intensity of incubation, when used 
independently as another environmental variable ( temperature 
controlled at 20+1 C), produced a differential effect similar to that 
for temperature of incubation. The resistance in the 'congenial 
cultivars' was highest and the aggressiveness of the pathogen races 
lowest, when the host-pathogen complex was incubated at 1000 rather 
than at 100 or 250 u^E mi s*. The variances due to light intensity and 
their interaction (except light x cultivar) were always higher than 
that due to the cultivar, races or their interaction.
Temperature and light intensity, which had been shown to 
independently induce differential interactions in the cultivar / race 
combinations, were examined fur er with concurrent variations in 
these environmental factors. The inoculated leaf disks were exposed 
to one of four combinations ( 15/50, 15/250, 24/50 and 24 C/250 pE m1.1^)
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of temperature and light intensity. Disease expression was lowest in 
the coupling of high temperature (24 C) and high light intensity (250 
u^E ma s) and highest in the combination of low temperature (15 C) and 
low light intensity (50 u^E m s) . The interaction of light intensity 
with temperature, in the resistance of cultivars was pronounced at 15 
but not at 24 C.
Certain observations were common in the experiments on the 
effect of environmental variables on the 'congenial' Populus cultivars 
and Melampsora race interaction. The environmental variables (pre- 
and post-inoculation temperature, post-inoculation light intensity and 
the interaction of the latter factors) accounted for more variability 
in disease severity than cultivars or races. Further, while in all 
instances (except on one occasion) the cultivar / race interaction was 
a significant (P^.0.05) source of variability in disease expression, 
the interaction variances of the environmental variables with each 
other and with races and cultivars were always significant (P<_0.05) 
and mostly higher than those due tothe cultivar / race interaction. 
Thus, in the present experiments the environmental variables seem more 
important than the race or the cultivar in determining disease 
severity level and hence very significant in indicating relative 
resistance level in the cultivar or relative aggressiveness in the 
races of the pathogen.
The significant inverse correlation between incubation 
period to flecking and uredinia per leaf disk was always very 
pronounced (Rz = 0.7873) for a particular cultivar / race combination 
within a level of an environmental treatment,but was less obvious and 
in some cases absent when data involving various levels of one or more 
environmental variables was examined. This suggests that the 
environmental variables affect differentially the processes leading to 
these two forms of disease expression.
It is widely accepted that while race-specificity (Sensu 
statistically significant cultivar / race interaction) is responsible 
for the disease stability of natural ecosystems it is also a major 
cause of the 'boom and bust' syndrome, common in agro-ecosystems. The
vii
present results suggest that variability in certain environmental 
factors may be more important than race-specificity in maintaining 
stability in the Populus -Melampsora system. A model of the latter as 
a fully differentially interactive host-pathogen-environment complex 
is proposed. The significance0  ^ a such a concept in the epidemiology 
of the leaf rust is discussed and its relevance to the breeding and 
establishment of poplars as exotics is considered. The relationship 
of a such a concept to current thinking on general host-pathogen 
relations in plants, is discussed.
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PREFACE
INTRODUCTION
The family Sa 1 icaceae consists of two genera Salix, the 
willow and Populus, the latter comprises white and black poplars, 
aspens, cottonwoods, etc. Brief details of the taxonomic 
classification of the genus Populus are given in appendix 4.
The natural occurrence of poplar is essentially restricted 
to the forests of temperate and cold regions of the northern 
hemisphere i.e., above 20° N latitude,the only exception being Section 
Turanga which also occurs on the equator in central Africa. However, 
they have been introduced into the southern hemisphere intially as 
ornamentals and subsequently grown in commercial plantations, mainly 
of the Aigeiros Section, in South America, Africa, Australia and New 
Zealand. The role and establishment of poplar plantings in the 
southern hemisphere has been summarised by PRYOR (1969).
Cultivation of poplar as important timber yielding tree was 
recommended by the FAO to meet the increasing timber requirements of 
the world (ANON, 1958). They have a rapid growth rate, can be 
propagated easily vegetatively and yield a light weight, light 
coloured wood with a multiplicity of uses. High growth rates are 
achieved only on soils of high fertility with adequate moisture 
supplies. Hence the major commercial poplar plantings are on alluvial 
soils where as a form of land use they are competing with food crops 
or intensive animal growing. The day length sensitivity of most 
poplars restricts their potential use in tropical areas (ANON, 1958). 
Wood of poplar is well suited to industries which manufacture veneer, 
light box making materials, fibre boards, paper pulp etc. Safety 
matches are produced from the highest quality veneer and these are the 
premier valued products. Some species of the genus are important also 
in windbreaks, erosion control (ANON, 1958; VAN KRAAYNOORD, 1968) and 
ornamental plantings (HEATHER and SHARMA, 1977).
2ii POPLARS IN AUSTRALIA
Introduction of poplars into Australia dates from mid 1800's 
(HALL and BROWN, 1958; PALMBERG, 1976). However, commercial 
plantations were not established until I960 when the desirability of 
poplar for safety match manufacture provided the necessary stimulus 
(BROWN, 1971). The estimated area under poplar cultivation in 
Australia, in 1976, was about 6000 ha, mainly in New South Wales and 
Victoria (ANON, 1976). Since 1976 there has been only a marginal 
increase in poplar cultivation in Australia, because the crop is 
limited to sites which have good agricultural potential. The 
likelihood of expansion of poplar growing in Australia depends on the 
economic relationship between different forms of use of high quality 
agricultural land and the compitition with the wood from coniferous 
plantations. In recent years the introduction of cheap disposable 
cigarette lighters as a substitute to matches and the import of 
cheaper matches from S.E. Asia are limiting the market for the most 
valuable product of the commercial plantings (HEATHER, Unpublished 
informat ion).
ii i DISEASES OF POPLAR
Poplars are susceptible to a number of physiological and 
pathological diseases (ANON, 1979). A brief description of some of 
these diseases are presented here. Maladies of physiological origin 
are of three catagories: climatic disturbances, unfavourable soil 
conditions and toxic substances. Wind, cold, frost, sunlight etc. 
are classed under climatic conditions. Cold has been reported to 
affect poplar more than other factors both in the natural habitats and 
in exotic plantings. Damage due to frost is known to predispose 
poplar to Dothichiza populea Sacc. and Cytospora chrysosperma (Pers.) 
Fr. Sunscorch resulting in bark splitting is reported occasionally. 
Poor drainage, bad soil structure, acidic soil and water stress have 
been implicated in the 'heart shake' disease which is characterised by 
bark splitting (PERCOT, 1955 ). Members of Sa 1icaceae are in general 
highly sensitive to atmospheric and soil pollution. In polluted 
atmosphere the leaves become cankered. When heavy pollution occurs
3young shoots, too, may become cankered and the affected tree may die 
(ANON, 1979).
Many fungi, bacteria, viruses or even higher plants are 
capable of causing diseases on poplars (CIFERRI and BALDACCI, 1948; 
PEACE, 1952; 1958; 1962; BUTIN, 1957; BERBEE, 1964; CASTALLANI, 1973; 
LANIER, 1976; TARIS, 1976; 1977) Root diseases have not been 
considered to cause significant losses in poplars (SCHREINER, 1959; 
PEACE, 1962; HEPTING, 1971). Xiphinema americanum Cobb. has been 
associated with the decline of deltoides Marsh. in the United 
States (MALEK, 1968), however, nematodes have not been implicated in 
the significant injury to poplars (RUEHLE, 1967). Premature leaf fall 
due to chlorosis by a virus is of some significance in Europe 
particularly in P. deltoides (ANON, 1958). Reduction in volume 
increment and wood density (ANON, 1968) and decreased rooting capacity 
(NAVARATIL, 1967) have been attributed to the mosaic virus. Some 
phanerogamic parasites causing serious injuries to poflar have been 
recorded. The white berried mistletoe Viscurn album L. in Europe is 
by far the most injurious of such parasites on poplar. Occur/ence of 
Arceuthobium in North America and Loranthus on Populus species in 
India have been documented (ANON, 1979).
Fungal and bacterial diseases of economic importance which 
occur relatively frequently on poplar are; bronze leaf (Marssonina 
brunea (Ell. Ev.) P. Magn.) , leaf rust (Me lampsora spp.), 
Septoria leaf spot (Septoria populi Desm) and Cankers (Septoria musiva 
Peck, HypoxyIon pruinatum (Klotche) Cke., Xanthomonas populi Ride) 
(ANON, 1979).
Leaf rust , the most serious fungal disease of poplars is 
caused by a number of species of Melampsora (Uredinales, 
Basidiomycetes) (ANON, 1979). The principal species of Melampsora 
causing leaf rust on different species of poplar are recorded in table 
1. The different species of Melampsora produce similar disease 
symptoms where~ver they occur. Some confusion exists on the identity 
of the different rust species, the alternate host plants, the poplar 
species and cultivars affected by each rust species (STEENACKERS,
Table 1. Principal species o£ Melampsora occurring on Populus species.
Species Distribution Alternate host Poplar host
M. occidentalis. 
Jacks
North America Pseudotsuga 
menziesii 
Larix spp., 
Pinus spp.
P. alba, P. nigra 
P. balsamifera,
P. trichocarpa
M. abietis cana- 
densis (Farl.) Arth
North America Tsuga canadensis P. alba,
P. grandidentata, 
P. balsamifera,
P. tremuloides,
P. trichocarpa
M. larici-populina 
iCTeb.
Europe, Japan 
South America, 
Australia, New 
Zealand, South 
Africa
Larix decidua, 
leptolepis, 
sibinca
Sections Aigeiros 
and Tacamahaca
M. larici-tremulae Europe Larix decidua Section Leuce
KTe b. P. balsamifera
M. pinitorqua 
Rostrup
Europe Larix decidua
Larix leptolepis 
Pinus si1 vestris 
Pinus pinea 
Pinus pinaster 
Pinus helepensis
Section Leuce
M. al1i-populina 
Kleb.
Europe
North Africa
Allium spp.
Arum maculatum 
Arum italicum 
Muscari comosum
Section Aigeiros
M. rostrupii 
Wagner
Europe, China Mercurialis annua Section Leuce
M. pulcherrima 
(bub) Maire
Mediterranean
region
Mercurialis annua Section Leuce
M. magnusiana 
Wagner
Europe, Asia Chelidonium maius 
Fumaria 
of fic inalis 
Corydalis spp.
Section Leuce
M. medusae Thum North America 
Southern Europe 
Australia, New 
Zealand
Larix spp. Sections Aigeiros 
and Tacamahaca
(Reproduced from ANON, 1979)
51969). Melampsora is a macrocyclic, heteroecious rust requiring 
generally a conifer alternate host to complete its life cycle. The 
life cycle of a typical poplar leaf rust is illustrtated in figure 1.
The symptoms, etiology and control of the disease are 
described later (section iv). Heavy rust infections, which result in 
premature senescence and early defoliation, reduction of growth and 
even die back of young and old trees have been reported (NAGEL, 1949; 
VAN DER MEIDEN and VAN VLUTEN, 1959; TOOLE, 1967; SCHIPPER and DAWSON,
1974; VAN KRAAYNOORD, 1974; WALKER et__al. , 1974; SIWECKI, 1976).
Uredinia are reported to disrupt the leaf epidermis and result in 
increased transpiration loss (SCHIPPER, 1976a). Sucessive heavy 
infections of leaves produced during the growing season prevent the 
maturing of overwintering buds and consequently such shoots are 
abnormally susceptible to frost damage (PEACE, 1952). Successive 
defoliation predisposes trees to other diseases e.g. cankers caused 
by Cyt ospora spp. and Dothichiza spp. (SCHREINER, 1951; PEACE, 1952; 
VAN DER MEIDEN and VAN VLOTEN, 1959). Leaf rust of poplars can 
shorten the effective growing season by 10 to 20 per cent with 
consequent effects on productivity (LEONTOVYC, 1958). Moderate rust 
attack can cause ca. 46% reduction in volume growth of plantation 
crops (WID1N and SCHIPPER, 1976). Melampsora has been reported to be 
a serious threat to maximum fibre production (SCHIPPER and DAWSON, 
1974) and reduces the value of poplar planted for aesthetic purposes 
(HEATHER and SHARMA, 1977).
iv LEAF RUST IN AUSTRALIA
Poplar plantations in Australia were free of serious 
diseases until January 1972, when the occurrence of M. medusae Thum. 
of North American origin was first noticed in Colo area, 64 km 
northwest of Sydney (WALKER and HARTIGAN, 1972). Within a few months, 
this rust had spread 400 km north into Queensland and more than 600 km 
south into Victoria (MARKS and WALKER, 1972). WALKER et al (1974) 
suspected the wet weather during the months of January and February 
favoured the spread and development. In March 1973, M.
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71arici-popu1ina Kleb. of European origin was discovered in the same 
general area near Sydney. As with M. medusae, the rust rapidly 
spread to Victoria and Queensland (WALKER et a 1 ., 1974). Soon after 
their appearance in Australia they were reported from New Zealand (VAN 
KRAAYNOORD, 1974). It has been hypothesised that this resulted from 
trans-Tasman transport of urediniospores in the prevailing air streams 
(VAN KRAAYNOORD, 1974; WILKINSON and SPIERS, 1976), however, this 
viewpoint has been questioned (SHERIDAN e t a 1 ., 1975). The
distribution of the two rust species in Australia, New Zealand and 
Papua New Guinea is recorded in Table 2.
I
TABLE 2. Goegraphic distribution of poplar leaf rusts in Australasia
Locality M. medusae M. larici-populina
Papua New guinea + +
New Zealand + +
New South Wales
Coastal + +
Inland + +
Queens 1 and + +
Victoria + +
Tasmania - +
South Australia 0 0
Western Australia — —
+, Positive record of species; -, No positive record of species; and 
0,Rust present but species not recorded. (Reproduced from HEATHER and 
SHARMA, 1977).
Populus de 1 toides Marsh. is the common native host of M. 
medusae in North America and this is the most common leaf rust in the 
United States and Canada. Larix laricina (Du Roi) K.Kock is the 
normal alternate host of M. medusae. P. nigra L. is the usual
8native host of M. larici-populina in Europe, although the latter is 
widespread on P. x euramericana (Dode) Guiner. Larix decidua Mill, 
is the usual alternate host of the latter species. Although Larix 
spp. occurs sporadically as exotic plantings or garden trees in 
Australia, Melampsora spp. have not been recorded on them in this 
country. In contrast, in New Zealand, the aecial stage of M. 
larici-populina has been reported on Larix decidua, L. leptolepis 
Gord. and Pinus radiata D.Don. while that of M. medusae has been 
recorded on L. decidua (SPIERS, 1975). Fortunately these two rust 
species are of little significance on their conifer hosts and indeed 
sometimes quite difficult to locate on such hosts. In contrast M. 
pinitorqua, the pine twisting rust which occurs on the Section Leuce 
of Populus, causes one of the most serious crown diseases of the hard 
pine group of the conifers in Europe.
The symptoms caused by both species are similar in the field 
with minor differences in the colour and size of the uredinia. 
Uredinia in M. medusae are yellowish-orange and smaller when compared 
with the golden yellow and larger uredinia in M_^  larici-populina 
(Plate 1). However, without experience it is difficult to identify 
either species in isolation. Both M. medusae and M. larici-populina 
occur on the common host P. nigra cv. italica in Australia; the 
former produces hypophyllous and the latter epiphyllous telia. The 
disease initially manifests itself as minute fruiting structures 
(uredinia) on the undersurfaces of leaves. The number of uredinia and 
their size increase and cover the lower leaf surface (Plate 2). As 
infected leaves age, they either develop dark brown irregular necrotic 
patches, shrivel and drop prematurely, or shrivel and drop without 
browning (Plate 3). Heavy rust infections can cause complete 
premature defoliation of shoots and or even whole crowns in certain 
cultivars. In some fully susceptible cultivars such as P. de 1toides 
cv. 'Angulata* the regrowth (subsequent to first defoliation) is 
followed by further defoliation, and successive cycles may occur in a 
growing season resulting in severe weakening of young trees (1-3 
years) and a failure of the overwintering buds to mature. Many 
infected trees show secondary die-back of shoots during winter as a 
result of frost damage. A severe attack of the leaf rust in the
9PLATE 1. Uredinia of M. larici populina (left) and 
(right) on the abaxial (lower) surface of
M. medusae 
leaf.
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PLATE 2. A shoot of P_. x euramericana '1-488' showing heavy 
infection of M. larici-populina
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PLATE 3. M. larici-populina on P. nigra cv. 'italica' causing 
defoliation.
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nursery, can kill some cultivars of poplar (WALKER et al., 1974).
Dark brown embedded telia develop on older infected leaves. 
They are abundant in late autumn and early winter on attached leaves 
and are common on fallen leaves. Later in the season telia produce 
basidia and basid iospores which appear as a pale golden downy 
covering, visible to the naked eye.
v CONTROL OF POPLAR DISEASES
Various options are available for the avoidance and control 
of poplar diseases in the field. Cultural, chemical, biological and 
genetic methods, are some of the common control measures which are 
adopted either singly or in combination.
Adoption of cultural practices to reduce disease severity in 
forest crops is generally a difficult measure due to the vast area 
involved. However in Europe, it was observed that Melampsora 
infection on poplars was reduced by avoiding plantation establishment 
within a distance of 1 km from the alternate host (VAN DER MEIDEN and 
VAN VLOTEN, 1959). This suggests that under these conditions 
basidiospores from alternate host (Larix spp.) is the normal primary 
inoculum for poplar leaf infection. High density plantings of poplar 
are reported to increase rust severity (SCHIPPER, 1976b).
Spraying from the ground or air has been employed to control 
crown diseases in poplar e.g. control of Marssonina brunea on poplar 
in Italy was achieved by spraying contact fungicides such as Dithane 
M-45, while Mancozeb was reported to be effective against Septoria 
leaf spot (POWELL and LEBEN, 1972). Effective control of leaf rust on 
2 year old nursery cuttings of P. x euramericana ’1-488' was achieved 
by fortnightly sprayings with the systemic fungicides Benodanil and 
Plantvax (MENZIES and FULLERTON, 1974; SPIERS, 1974; SHERIDAN et al., 
1975). Use of Benomyl has produced satisfactory control also of the 
rust disease (FILLER, 1975). Contact fungicides such as copper 
oxychloride (GOJKOVIC and VUGIC, 1966; MENZIES and FULLERTON, 1974; 
FILLER, 1975; SHERIDAN et al., 1975), Zineb (VAN DER MEIDEN, 1964)
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and Bordeux mixture (PEACE, 1962) have also been shown to control leaf 
rust .
BIER (1960 and 1964) reported that increased resistance in 
some cultivars of poplar to Melampsora oxidentalis Jacks. was 
achieved by the application of aqueous suspension of saprophytes such 
as Trichoderma spp. etc. Parasitism of the uredinia of the leaf rust 
by the species of A1ternaria, Cladosporium, Darluca, Eudarluca, 
Penicillium, etc. have been reported frequently (MAGNANI, 1967; 
BOLLAND, 1973; MORLET and P1N0N, 1973; SHARMA and HEATHER, 1977b; 
OMAR, 1978). Experiments have shown that species of Cladosporium can 
effectively parasitise the uredinia of the rust (SHARMA and HEATHER, 
1977b) and reduce viability of urediniospores in storage (SHARMA and 
HEATHER, 1980). The potential of Cladosporium spp. for the 
biological control of the leaf rust is being investigated in this 
department.
Selection and breeding of resistant varieties have been 
employed in the control of some diseases of poplar. Resistance 
expressed by some cultivars of poplar to Marssonina brunea has been 
recomended for the control of the disease (NAGEL, 1949; SCHREINER, 
1931; MAGNANI, 1965; CASTELLANI and CELLENINÜ, 1967; SCHIPPER, 1976b). 
SCHREINER reported variation in resistance to Me^mpsora rusts in 
different species, cultivars and progenies of Populus (SCHREINER, 
1937; STOUT and SCHREINER, 1933). NAGEL (1949) observed a variation 
of 6.5 to 90% in rust infection in various species and clones of 
poplar from South Dakota. Studies on heritability indicated that the 
resistance to Melampsora is a highly heritable trait (JOKELA, 1966; 
THIELGES and ADAMS, 1975). Specific reports on genetics of Populus - 
Melampsora interaction are not available. Several general reports on 
the variation in resistance of Popu1 us species to different Melampsora 
leaf rusts are available (FARMER and WILCOX, 1967; WILCOX and FARMER, 
1967; ELDRIDGE et al., 1973; FILLER, 1975). Poplar is an allogamous 
(monoecious) perennial with long generation interval ( 3 - 7  years). 
The sexual compatibility between different sections of poplar is 
selectively limited (Fig. 2). It is evident from figure 2 that 
definite natural compatibility exists between Aigeiros and Leucoides,
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Aigeiros and Tacamahaca and some between Tacamahaca and Leucoides.
A I G E I R O S
black poplars
T U R A N G A
L E U C O I D E S  A ^ T A C A M A H A C A
balsam poplars
Compatible
Probably compatible 
Incompatible
FIGURE 2. Illustration of cross fertility relationships between 
the five sections of the genus Populus (Reproduced 
from WILLING and PRYOR, 1976).
WILLING and PRYOR (1976) through a manipulative technique, 
managed to break the incompatibility barriers between certain 
sections. This has made possible crossing of some members (e.g. P. 
tremuloides) of Section Leuce, which are immune to Me 1ampsora with 
some members (e.g. P. deltoldes) of the Aigeiros section (KNOX et 
al., 1972). The FI hybrids of this cross yielded numerous immune and 
highly resistant cultivars to Melampsora. These can be readily 
propagated vegetatively, but unfortunately the progeny examined so far 
have been sterile. Thus while this has enhanced considerbaly the 
scope for breeding resistant cultivars in poplars, at present it does 
not permit further elucidation of the genetic basis of such resistance 
e.g. by backcrossing of the FI progeny.
It has been demonstrated that the resistance in some species 
and hybrid cultivars (P. x euramericana) is race-specific 
(CHANDRASHEKAR and HEATHER, 1980). When this is taken together with 
the breeding habits and the generation intervals of poplar, production 
of resistant cultivars by breeding techniques similar to those 
employed in agricultural crops, does not seem to be a practical 
proposition. Selections of resistant speciesfcultivars and those of 
their FI hybrids should be tested for their durability of resistance
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to different species of Helampsora under both artificial and natural 
conditions. Suitable cultivars should then be employed in plantings 
either singly or in mixed stands (see section 8.5, Chapter 8). Such 
a strategy mimicking the 'multiline varieties' of wheat, has been 
suggested (HEATHER et al., 1980) for the control of the leaf rust in 
poplar.
CHAPTER 1
INTRODUCTION
Disease in plants has been defined as "any physiological 
malfunctioning which results from constant irritation" (HORSFALL and 
DIMOND, 1959).
The disease triangle of host-pathogen-environment (Fig. 1»1) 
has been proposed as the model for disease induction in natural 
ecosystems (ROBINSON, 1976). Because of the significance of man the 
disease square, involving host-pathogen-environment-man (Figl*l) has 
been suggested as the model for disease induction in agro-ecosystems 
(ROBINSON, 1976).
MAN
Disease
ENVIRONMENT
Disease
ENVIRONMENT
Figure 1.1 Diagrammatic representation of the models for disease induc­
tion in natural and agro-ecosystems.
While disease is endemic in most natural eco-systems 
epidemic disease, which causes a major impact on the overall health, 
growth and yield of such systems, is of sporadic and rare occurrence 
(BROWNING, 1974). In contrast when man moved from food gathering to 
crop cultivation, disease became a major factor in crop yield (ANON,
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1953) .  With i n c r e a s i n g  i n t e n s i t y  o f  c r op  h u s b a n d r y  in a g r i c u l t u r e  
and more r e c e n t l y  in f o r e s t r y  (EDMONDS and SOLLINS, 1974) the  c o n t r o l  
o f  d i s e a s e ,  p a r t i c u l a r l y  p a r a s i t i c  d i s e a s e ,  has  become o f  maj or  
c o n c e r n  t o  i n d i v i d u a l s  and a g e n c i e s  i nvo l ve d  in food and f i b r e  
p r o d u c t i o n .  The p r e s s u r e s  o f  i n c r e a s i n g  wor ld p o p u l a t i o n  on food and 
f i b r e  r e s o u r c e s  has f u r t h e r  a c c e n t u a t e d  t he  i mpor t ance  o f  d i s e a s e  
c o n t r o l  in i n t e n s i v e  p l a n t  c u l t u r e .  I t  has  been e s t i m a t e d  t h a t  t he  
l o s s  due to  d i s e a s e  in a g r i c u l t u r e  c r ops  i n  t he  U.S.A.  r e p r e s e n t s  
some t en  per  cen t  o f  t he  t o t a l  va l ue  o f  annua l  p r o d u c t i o n .  The growth 
impac t  l o s s  due to d i s e a s e  in f o r e s t s  in t he  U.S.A.  and A u s t r a l i a  may 
be as h i gh  as 25% o f  t o t a l  annua l  volume p r o d u c t i o n  (HEATHER, 1962) .  
Comparable  d a t a  f o r  l e s s  de ve l ope d  c o u n t r i e s  a r e  not  a v a i l a b l e ,  bu t  i t  
i s  l i k e l y  t h a t  l o s s  due to d i s e a s e  in p l a n t  c u l t u r e s  in such a r e a s  a r e  
even h i g h e r .  I f  the  p o t e n t i a l  o f  t he  " g r e e n  r e v o l u t i o n ' ^  improved 
c u l t u r a l  p r a c t i c e s  e t c .  t o  improve t he  c rop  p r o d u c t i v i t y  and hence 
t h e  s t a n d a r d  of  l i v i n g  in such a r e a s  i s  t o  be r e a l i s e d ,  i t  i s  
e s s e n t i a l  t h a t  l o s s e s  due to d i s e a s e  be r educed  t o  a p r a c t i c a l  
minimum.
Use of  c h e mi c a l s  ( che mo t he r apy )  t o  c o n t r o l  d i s e a s e s  o f  
p l a n t s  has  been a most e f f e c t i v e  method s i n c e  t h e i r  d i s c o v e r y  to  t he  
p r e s e n t  day.  Most p l a n t  d i s e a s e s  can be c o n t r o l l e d  e f f e c t i v e l y  wi th  
t h e  chemi ca l  s p r a y s ,  however  h e a l t h  h a z a r d s  from h a n d l i n g  the 
c h e m i c a l s ,  e c o l o g i c a l  p o l l u t i o n  and c o s t  o f  t he  c h e mi c a l s  a re  
i m p o r t a n t  l i m i t a t i o n s  o f  t h i s  method.  The r e d i s c o v e r y  o f  Mendel i an  
laws in 1900 l a i d  t he  b a s i s  fo r  s t u d i e s  o f  g e n e t i c s  o f  d i s e a s e  
e x p r e s s i o n  (SIDHU, 1975) .  The f i r s t  r e p o r t  came from BIFFEN (1905)  
who s u g g e s t e d  t h a t  t he  i n h e r i t a n c e  o f  r e s i s t a n t  r e a c t i o n  in wheat  t o  
y e l l o w  r u s t  ( P u c c i n i a  glumarum( Schm. ) E r i k s s  and Henn. )  i s  governed by 
t h e  s i mp l e  Mendel i an  l aws .  Fo l l owi ng  t h i s  d i s c o v e r y ,  b r e e d i n g  p l a n t  
v a r i e t i e s  fo r  d i s e a s e  r e s i s t a n c e  became a ve ry  p o p u l a r  method o f  
c o n t r o l l i n g  d i s e a s e s  and i s  p r e f e r r e d  to t he  chemi ca l  c o n t r o l  wi t h  i t s  
a s s o c i a t e d  t o x i c  and p o l l u t i o n  h a z a r d s .  The Mexican wheat  v a r i e t i e s  
d e v e l o p e d  by N.E. BORLAUG and t he  h y b r i d  corn  v a r i e t i e s  produced in 
Amer ica  a r e  some o f  t he  c l a s s i c a l  examples  o f  s u c c e s s  in p l a n t  
b r e e d i n g  f o r  d i s e a s e  r e s i s t a n c e .  In a r e c e n t  a r t i c l e ,  SPRAGUE e t a l . ,  
(1980)  compared t he  a ve r a ge  y i e l d  pe r  a c r e  ( i n  t he  U. S . A. )  in 1930 and
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1975 for certain field crops. It was shown that per cent increase of 
yield in sorghum was highest (358) followed by corn (320) and potatoes 
(311). In most other crops the increase in yield was well over 100 
per cent.
Although, initially the development of resistant varieties 
frequently reduced losses due to diseases, the resistance in many of 
them was only short lived. The resistance in most of these varieties 
was controlled by either a single gene (monogenic) or by few genes
(oligogenic) and was easily overcome through the shifts in the
pathogen population. In some instances the resistance in the
cultivars was not adequately tested for the variations of the
environment (WALKER, 1965). Hence, the attempts of plant breeders to 
produce permanent resistant varieties have been largely unsuccessful. 
Nevertheless, resistant varieties provided a temporary relief from 
crop losses before losing their effectiveness. The alternate 
production and failure of resistant varieties created a 'boom and 
bust' cycle in the agriculture scenario (VAN DER PLANK, 1968). VAN 
DER PLANK (1963) after carefully analysing the performance of a number 
of crop varieties (mainly potato and wheat) proposed two new concepts, 
'vertical' and 'horizontal' resistance in plant pathosystems. When a 
variety is resistant against some but susceptible to other races of 
the pathogen then the resistance in the variety is termed vertical. 
On the other hand when the resistance in the host is operative against 
all races of the pathogen then the resistance is called horizontal. 
However these two terms were not unequivocally accepted by other 
workers ( ELLINGBOE, 1975; JOHNSON and TYLOR, 1976; NELSON, 1978) (for 
details of these two concepts and controversies see section 8.2, 
chapter 8). Although the existence of horizontal resistance (sensu 
VAN DER PLANK, 1963) in plants to their pathogens was questioned, the 
concept of horizontal resistance provided a stimulus for critical 
evaluation of resistance mechanisms in hosts and increased 
appreciation of the dynamics of plant disease epidemics. Research in 
some cereal crops have been directed toward production of cultivars 
with stable resistance (SIMONS, 1972; PARLEVLIET, 1975; JOHNSON, 
1978).
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Among the disease inducing variables, the host and the 
pathogen are more amenable to the influence of man than the 
environment, although the latter varies to some extent with the 
latitude. The effect of the environmental factors on the rate and 
degree of disease development is well established. COLHOUN (1973) 
provided a detailed review on the environmental factors affecting the 
disease, and pointed out that THEOPHRASTUS (370 - 286 BC) considered 
that cereal crops growing in elevated lands exposed to the wind are 
not so liable to the rust as those at lower more protected localities. 
Thus the realisation that plant diseases are greatly influenced by the 
weather is of long standing. SORAURER (1874) appreciated clearly the 
significance of environmental factors in relation to plant diseases 
and emphasised the part they played in predisposing plants to disease. 
Early in this century, JONES (1924) appealed for an increased 
attention to the relation of the environment and development of the 
disease. WALKER (1963), realising the importance of environmental 
factors in disease resistance, emphasised the necessity of the 
screening tests under controlled environments.
Research on leaf rust of poplar in Australia, caused by 
Melampsora larici-populina and M. medusae , demonstrated the 
occurrence of physiologic races in both species and the qualitative 
and quantitative reactions in the hosts (SHARMA and HEATHER, 1976b; 
CHANDRASHEKAR and HEATHER, 1980). Field observation again indicated 
the presence of race-non-specific or rate reducing resistance in 
certain cultivars of poplar (SHARMA, et a 1 ., 1975). HEATHER and 
SHARMA (1977) recommended higher degrees of quantitative resistance as 
a basis for selection and breeding in poplar. The quantitative type 
resistance in some poplar cultivars (P. x euramericana '1-488' and 
'1-214') has been suspected to be polygenically controlled (HEATHER, 
et al., 1980), although aquisition of such information in poplar would 
require long-term intensive research. It has been suggested that the 
polygenic resistance is likely to be more sensitive to environmental 
conditions than monogenic or oligogenic resistance (SIMONS, 1972). 
Some experimental evidence supports this suggestion (UMAERUS, 1959; 
MAIN and GALLEGLY, 1964; LEWELLEN et al♦ , 1967). As the recommended
(quantitative resistance) poplar cultivar will be established over a
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wide geographical area, knowledge of the sensitivity of this 
resistance to environmental variation is desirable.
The major emphasis in this thesis is on the effect of some 
environmental factors on the quantitative type resistance of certain 
poplar cultivars to races of larici-popu1ina. The results
reported were obtained by artificially inoculating leaf disks of 
poplar cultivars with the races of the pathogen and maintaining them 
on gibberellic acid solution. Similar detached leaf culture has
been used successfully in the investigations of other host-pathogen 
relationships (SAMB0RSK1 et al., 1958; BROWDER, 1964; GREMMEN, 1964; 
DOLING, 1966; PILLAI and WILCOXAN, 1970). By employing a high degree 
of replication in a controlled environment, the variability in the 
experiment is kept to a minimum and thus, the results obtained are the 
consequence of host-pathogen interaction and not due to the artifacts 
of the experimental procedure.
A literature survey revealed limited reports of relevent 
information on perennial crops. Thus appropriate literature on field 
crops has been largely employed to discuss the findings of the study.
The major objectives of the present investigation are as
follows.
I. Identification of physiologic races in M. larici-populina based on
qualitative and quantitative reactions of poplar cultivars.
II. Study of the cultivar/race interaction as affected by the varia­
tion in the following environmental factors.
1. Post-inoculation temperature (temperature of incubation)
2. Pre- and post-inoculation temperature (temperature of 
culture of plants and temperature of incubation)
3. Light intensity of incubation.
4. Interaction of temperature and light intensity ( con - 
current variation of temperature and light intensity)
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The specific implications of the results obtained in each 
individual experiment are discussed in the respective chapters 
(chapters 4, 5, 6 and 7), while the broader implications of all the 
results are taken jointly, to discuss their significance in the 
epidemiology of the disease, in the final chapter (chapter 8). Where 
appropriate the results are extrapolated to explain different facets 
of host-pathogen relationships in natural and artificial ecosystems. 
As mentioned earlier, aquisition of knowledge of genetics of 
interaction of Populus - Me 1ampsora is a longterm process and hence a 
degree of speculation has been indulged in for a complete discussion.
CHAPTER 2
GENERAL METHODS
2.1 INTRODUCTION
The general materials and methods employed in the 
experiments were similar and they are detailed in this chapter. Leaf 
disks cut from selected poplar cultivars were inoculated with the 
urediniospores of M. larici-populina and floated on 10 ppm 
gibberellic acid solution. The disease developed on these inoculated 
leaf disks were assessed using various parameters. Variations 
introduced and / or additional methods used are noted in the 
appropriate individual chapters. Elaboration of procedures that are 
less relevant is avoided but supported by suitable references.
2.2 MAINTENANCE OF CULTIVARS OF Populus spp.
Cultivars (actually clones) of Populus deltoides and P. x 
euramericana hybrids that were known to produce different forms of 
reactions to the leaf rust (immune, hypersensitive necrotic, resistant 
and susceptible) (SHARMA et a 1., 1975 ; SHARMA and HEATHER, 1976a; 
1976b) were chosen for preliminary experiments. Those used were, P. 
x euramericana '1-488', '1-214', '65/27', P. nigra cv. 'evergreen', 
I\_ deltoides '7-2', '7-9', '7-10', '7-13', and '60/164'. The 
available information on the origin and history of each cultivar is 
given in Appendix 4.
Cuttings 1-2 cms in diameter having 2-3 buds were procured 
from the nursery of the Botany Department, The Australian National 
University and Division of Forest Research, CSIRO, Canberra. Each 
cutting was planted in a fully expanded, water soaked Jiffy-7 700 peat 
pellet (a/s Jiffy Products Ltd., Grorud, Norway). This substrate has 
a good water retaining, aerating and nutrient capacity all of which
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influence rooting(ZSUFFA, 1976). Cuttings were placed in a glasshouse 
maintained at 25 C and equipped with an automatic misting system to 
keep the cuttings moist. After 30 days the cuttings were transferred 
into individual pots 15 cms diameter, containing a mixture of one part 
perlite and one part vermiculite. The pots were maintained in a rust 
free glass house. Rust and other contaminants were excluded by 
fitting of double doors and air supply was through a fan and pad 
evaporative air cooling system (MASTALERZ, 1977). (Rust was never 
recorded in the glass house over the three year period). The glass 
house received 16 hr photoperiod (natural light supplemented with 
artificial flourescent light) and was set for a mean temperature of 
20-25 C. The plants were watered daily with 200ppm of Aquasol 
(Hortico, Pty. Ltd., Aust) (see Appendix 5 for the mineral 
composition). Growth of the plants was influenced directly by the 
temperature of the glass house. Although reasonable temperature 
regulation was possible, due to extremes of temperatures experienced 
in Canberra (ca. -3 to 35 C), the daily maximum and minimum 
temperature of the glasshouse varied considerably from season to 
season. During the summer months the growth rate (height growth) and 
the number of leaves per shoot were significantly higher than in 
winter.
Infestation by whiteflies and mites in the glass house was 
a problem on occasions and their control was achieved by spraying 
Metasystox (i) (Active ingredient: 25% W/V; Demeton-S-Methy1, Bayer, 
Aust. Ltd.) at the rate of lml/litre of water, and Kelthane (Active 
ingredient: Difocol, Hortico (Aust.) Pty. Ltd.) at the rate of 3 
ml/litre of water, respectively. Residual toxicity of these chemicals 
on the leaf rust was avoided by applying the sprays only when 
essential and leaf samples for inoculation were taken atjleast one week 
after such spraying.
The pots containing the different cultivars were moved 
frequently to avoid possible glasshouse effect due to differences in 
the microclimate. The position of the leaves on the shoot (maturity) 
and the age of the shoot on which they were borne, are known to affect 
susceptibility to rust (SHARMA, et al., 1980). Therefore, the leaf
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production and the age of the shoot for each individual plant were 
recorded to ensure comparable rust susceptibility of leaves within and 
between experiments. Because of the practical problems involved in 
coincident availability of leaves of particular maturity and fresh 
batch of urediniospores of different races of the fungus, leaf 
maturity (age in days from initiation) varied slightly (upjto a maximum 
of 15 days) between experiments. However, within an experiment the 
maturity of the leaves sampled from the cultivars varied by only 2-3 
days .
2.3 PREPARATION OF LEAVES FOR INOCULATION
Although the plants were grown in the glasshouse, 
saprophytic phylloplane fungi, and occasionaly whiteflies occurred on 
the leaves particularly in the autumn. The saprophytic fungi on the 
phylopllane are reported to affect the development of M . 
larici-populina (SHARMA and HEATHER, 1977b; OMAR and HEATHER, 1979), 
hence the leaves were usually surface sterilized before inoculation. 
OMAR(1978) obtained satisfactory surface sterilisation of the leaves 
by immersing detached leaves in 1.0% Sodium hypochlorite solution for 
five minutes and subsequent rinsing in sterile distilled water. This 
procedure was followed in this study. The rinsed leaves were blotted 
dry between sterile filter papers and using a sterile cork borer disks 
of 1.5 cms diameter were stamped from them. Selection of this disk 
size was a compromise between the stability of a disk of large leaf 
area and the desirability for a high degree of replication of 
subsamples in the limited space of the base of the settling tower. 
With a disk diameter of 1.5 cms the mid-section of the tower base 
(Fig. 1.2.1, Appendix 1) accomodated 60 leaf disks. The prepared 
leaf disks were stored in a polythene bag in a refrigerator prior to 
the inoculation.
2.4 PREPARATION OF THE LEAF RUST INOCULUM
A number of isolates of M. larici-populina were obtained 
from the rust culture collection of the Department of Forestry, 
Australian National University, Canberra. The collection was made
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from various cultivars by SHARMA and HEATHER during the years 1973 - 
1976. Diseased leaves were collected from each cultivar stored in 
separate polythene bags, and later air dried in closed Petriplates for
24 hr under room temperature (20 C). Using a sterile brush, the 
urediniospores were removed from the leaves, dried over silica gel and 
preserved in vials. The vials were placed in glass jars containing 
silica gel and stored in refrigerator at -10 C. Occasionally, when 
field collections were contaminated by the hyperparasites such as 
Penicillium sp., Cladosporium sp., A1ternaria sp. etc. these were 
purified by single spore isolations. The origin and history of each 
isolate used in this study are given in Appendix 4. Single spore 
cultures of six isolates were obtained by inoculating the abaxial side 
of the leaves of the susceptible cultivar P. x euramericana '1-488' 
with single urediniospores of each isolate. Inoculations were 
repeated with the harvested urediniospores, until adequate quantities 
of spores of each isolate were produced. Generally a minimum of five 
mg of spores produced from a single mono-urediniospore isolate were 
required for an inoculation. Hopefully this uniform procedure avoided 
potential, host-induced changes in the pathogen genotype during 
multiplication. The harvested spores were dried over silica gel at
25 C for 24hr, sealed in glass jars containing silica gel and stored 
in the refrigerator at -10 C. A sample of each isolate was deposited 
in a liquid nitrogen store for long term storage and future reference. 
Dried spores stored at -10 C maintained high viability (germination 
more than 75%) for 2-3 years. In practice freshly harvested 
urediniospores i.e. less than 7 days old, were used for all 
experiments, as this ensured high germinabi1ity.
2.5 INOCULATION
Various methods of inoculation of host leaves resulting in 
different disease severity levels are reported in the literature. 
Brushing (RUSSEL, 1976), swabbing (MOUNT and ELL1NGB0E,1968; 
SMITH,1969) and dusting leaves with dry spores are some of the popular 
methods. In most rust studies a settling tower has been used to 
obtain uniform deposition of urediniospores (PETERSEN, 1959; MANNERS 
and HOSSAIN, 1963; TOLLENAAR and HOUSTON, 1966; EVERSMEYER and
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BURLEIGH, 1968; YIRGOU and CALDWELL, 1968; MADDISON and MANNERS, 1972; 
1973; BROWN and KOCHMAN, 1973; OMAR and HEATHER, 1973; 1976; SHARMA 
and HEATHER, 1976a; 1976b; 1977a).
OMAR and HEATHER (1973), and SHARMA and HEATHER (1976a; 
1976b; 1977b) reported that the use of settling tower for inoculation 
of the poplar leaves with poplar leaf rust was a satisfactory method 
for routine assessment of susceptibility / resistance of the 
cultivars. Unless otherwise specified, all the inoculations made in 
this study employed the settling tower (Fig. 2.1) built by Dr. OMAR 
of this department.
The settling tower was constructed of 6.3 mm perspex with 
inside dimensions of 23.5 x 23.5 x 116.5 cms. The cross sectional 
design of the tower is illustrated in Fig. 2.1. Preliminary 
experiments with the settling tower were conducted to determine the 
optimum quantity of spores, time of exposure of leaf disks to the 
settling spores, acceptable number of replicate leaf disks and the 
variation in the density of urediniospores deposited. The results of 
these experiments are given in Appendix 1. Based on these results, 
five mg of urediniospores, five minutes of exposure of the leaf disks 
to the settling spores at the middle zone of the base of the settling 
tower (see Fig. 1.2.1, Appendix 1) were the standard practices 
adopted.
Surface sterilised leaf disks were placed randomly on 
cardboard templates (charts of random numbers were drawn up for the 
base of the tower), abaxial side uppermost on the base of the settling 
tower (Fig. 2.2) and slid into the tower. A maximum of 60 leaf disks 
each measuring 1.76cn?' could be accomjodated for each inoculation. 
Fifteeen replicate leaf disks of each cultivar were used for each 
inoculation. Random positioning of these fifteen leaf disks (Fig. 
2.2) reduced the variation in spore deposition within the middle zone. 
Inoculations with each race were repeated where more than 60 leaf 
disks were required in a single experiment. Five mg of urediniospores 
of an isolate/race was placed into the dispersing chamber, and 
released into the upper section of the settling tower by the passage
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of a stream of air at 70 K pa pressure for 30 seconds. The shutter in 
the tower was closed for the first five seconds while the spores were 
being dispersed to permit deposition of the clumps of urediniospores 
and opened thereafter for 23 seconds. Passage of air was stopped 
after 30 sec and the spores were allowed to settle for 5min. after 
which time the leaf disks retrieved from the tower for incubation.
2.6 INCUBATION
Floating of the detached leaves on benzimidazole, kinetin
(PERSON et__al. , 1957 ) or gibberellic acid (GOLDTHWAITE and LAETSCH,
1968) is known to prolong their life in-vitro. When leaf disks of 
poplar were floated on solution of 5 ppm gibberellic acid in 
Petridishes, incubated at 16±1 C with a 16 hr photoperiod of ca.
50001ux, the disks remained apparently normal for more than 21 days
(OMAR, 1978). A similar procedure was adopted by SHARMA and HEATHER 
(1976a) and satisfactory results were reported for their studies on 
cultivar susceptibility of poplar to leaf rust. An experiment
featuring the effect of different chemicals and their concentrations, 
on the in-vitro life of poplar leaf disks and on cultivar/race 
interaction was conducted (Appendix 3). Following this, for all the 
experiments in this study the leaf disks were incubated by floating 
them on 10 ppm gibberellic acid in a replidish (Sterlin ltd.
England), which contained individual campartments for each leaf disk. 
These plates were incubated at the desired temperature and light 
regimes. Generally the gibberellic acid solution in the Y.eplddishes 
required replenishing every three days, until termination of the 
experiment. However, replenishment depended on the temperature and 
light intensity employed for incubation.
2.7 OBSERVATIONS ON THE DISEASE SEVERITY
Disease severity was recorded at the conclusion of the 
single monocyclic infection that developed on the inoculated leaf 
disks. Several component processes such as incubation period, latent 
period, infectious period etc. are involved in a monocycle. The 
relevant literature on rust diseases contains conflicting terms to
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describe these different processes. It is therefore necessary to 
clearly define the terms employed here to describe the infection 
cycle .
The different processes from inoculation to maturity of 
uredinia are illustrated in fig. 2.3. The period between inoculation 
(ta) and uredinial formation (te) was referred to as latent period by 
VAN DER PLANK (1963), generation time by HIRST and SCHEIN (1965) and 
pustule maturation time by EYAL and PETERS0N(1967). However, 
PARLEVLIET (1975) defined the latent period as the time between 
inoculation and 50% pustules becoming visible. Therefore the term 
latent period according to PARLEVLIET is the time period from (ta) to 
sometime between (te) and (tf) in fig. 2. The terminology 
Sub-committee of the Federation of British Plant Pathologists 
(FBPP)(1973) defined latent period as the time between infection and 
symptom appearance and; infection as entry and establishment of 
pathogen in the host. In fig. 2.3 this definition would be 
equivalent to the time between (tc) and (td) . According to CHESTER 
(1946) this period is the incubation period. However, VAN DER PLANK 
(1963) used incubation period for the time between deposition (ta) and 
appearance of symptom(td). It was used similarly by other workers 
(BEVER, 1934; CAMMACK,1961 ;HIRST and SCHEIN, 1965). Infectious 
period is another component process normally used in cereal rust 
studies. CHESTER (1946) and VAN DER PLANK (1963) considered the time 
between beginning (te) and cessation of sporulation (tf) by a spore 
fruit (uredinia) as infectious period. However, MEHTA and ZADOKS 
(1970) called this the sporulation period. PARLEVLIET (1979) defined 
it as the period overwhich the diseased tissue sporulates. In view of 
the variety of these terms for the expression of different infection 
processes , the following definitions have been adopted.
A. Incubation period to flecking : Time between inoculation (ta) and 
appearance of flecks (td). Flecks, localised chlorotic areas, were 
the initial symptoms produced 2-3 days prior to the appearence of the 
uredinia. Fleck appearence on each leaf disk was recorded until all 
leaf disks (generally 15) showed the symptom and the mean value was 
calculated.
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B . Latent period from appearance of flecks to formation of the first 
uredinia (LPFU). This is the time period between fleck appearance 
(td) and first appearance of uredinia (te). This is again a mean 
value representing observations taken on 13 replications.
C. Latent period for appearance nf 50% of the uredinia (LPU). This 
is the time from 'ta' to a point somewhere between 'te' and 't f'. 
This includes the first two parameters mentioned above and a certain 
period thereafter. The cumulative uredinial numbers were recorded 
each day until termination of the experiment (The duration of the 
experiment was dependant on temperature of incubation). From this 
data the number of days taken to produce 50% of uredinia at the 
termination of the experiment was calculated.
D. Infectious period : The time between beginning (te) and cessation 
(tf) of sporulation. This parameter was not used in the present study 
for assessing the cultivar /race interaction because of the difficulty 
and destructive methods involved in measuring it.
Incubation period to flecking (IPF), latent period from 
appearance of the flecks to appearance of the uredinia (LPFU) and 
latent, period for formation of 50% of the uredinia (LPU) were three of 
the parameters employed in assessing the severity of disease from 
inoculation to the early logarthmic phase. The terminal disease 
severity was assessed on the following three parameters.
Uredinia per leaf disk (ULD) : Daily observations on uredinia per leaf 
disk were made until the termination of the experiment. This 
represents the cumulative total of uredinial pustules during the 
entire period of the epidemic. An observation in the middle of the 
epidemic may not be truly indicative of cultivar relative 
susceptibility in terms of uredinial numbers at the end of the 
logarithmic phase of disease development.
Urediniospores per uredinium (USU) : This parameter measures the 
vigour/potential of the pathogen to reproduce. As with uredinial 
numbers per unit area, urediniospores produced per uredinium is not an
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absolute but a cumulative value depending on the age of the
fructification. The method adopted to estimate this is explained in 
the next parameter.
2Urediniospores per mm of leaf area (USM): This parameter measures the 
number of urediniospores/mm1 of leaf at the termination of the
experiment. It combines the uredinia per leaf disk and urediniospores 
per uredinium and thus takes into account the ability of the pathogen 
to colonise the host and its fecundity. The significance of this 
parameter in the epidemiology of the disease has been emphasised
(JOHNSON and TAYLOR,1976 ; SHARMA and HEATHER, 1979b). Since this
parameter measures the number of infective propogules produced, 
possibly it has more significance than any other in epidemiology.
The last two parameters, urediniospores per uredinium (USU) 
and urediniospores per mm square (USM), were estimated after the final 
count of the uredinia per leaf disk, following the colorimetric method 
described by SHARMA and HEATHER, (1979a). The 13 leaf disks for each 
treatment were grouped into three samples of 5 disks each and 
transferred to sterile McCartney bottles containing 5ml of sterile 
0.1% (W/V) solution of agar. The urediniospores were dislodged and a 
spore suspension was prepared by agitating the bottles vigorously for 
an hour. Turbidity of the suspension was measured as percentage 
transmittance at 620 nm on a colorimeter (BAUSCH and LOMB). Three 
observations, each following a gentle shake to homogenise the spore 
suspension, were recorded and the mean calculated. Urediniospore 
density (spores/ml) was calculated from a previously prepared standard 
curve (spore/ml plotted against the optical density). Using the 
following equations the observations were converted into the two 
earlier mentioned parameters.
USU - NO. of urediniospores in spore suspension 
No. of uredinia on the leaf disks which 
made up the spore solution
USM ~ No. of urediniospores in spore suspension 
Area of leaf tissue from which the spore 
solution was derived
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Although several parameters that can be employed to measure
the disease severity are described here, seldom were all of them used
in a single experiment. Incubation period to flecking (IPF), the
primary determinant of the length of the monocycle and uredinia per
leaf disk (ULD) which determines the rate of disease progress are the
most commonly used parameters in studies dealing with host-parasite
interaction (PARLEVLIET, 1973; TENG and CLOSE, 1978). Urediniospores 
2 ,per mm has been suggested as an important parameter in the 
epidemiology of the disease (JOHNSON and TAYLOR, 1976; SHARMA and 
HEATHER, 1979b; PARLEVLIET, 1979). Thus disease severity in most 
experiments was assessed employing the above mentioned three 
parameters.
2.8 STATISTICAL ANALYSIS OF THE DATA
The quantitative data obtained from the experiments were 
subjected to suitable statistical tests. Analysis of Variance (ANOVA) 
was used, to explain the variation due to major components and their 
various orders of interactions. The important assumptions of ANOVA, 
normality of error terms and homogeneity of the variance 
(homoscedasticity) (NETER and WASSERMAN, 1974) were verified for the 
data using a GLIM (NELDER, 1975) program (for details see Appendix 2). 
Sub-program ANOVA of SPSS (NIE et al., 1975) was used to apply 
analysis of variance. Where appropriate, the cubical curve 
Yi = Bo + Six. + ß2x2 + ß3x3 + ^
was fitted using least squares to the data on cumulative uredinial 
numbers against the time after inoculation. Comparisions between 
curves were made using the methods described by SHARMA et al (1980) 
with a program of the GLIM package. This enabled comparisons between 
the slope of the monocyclic epidemic curves in the different cultivar 
/ race combinations. This was employed to demonstrate that the
differences in disease severity between any two cultivar / race 
combination was not an artifact of the time at which the latter was
assessed.
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2.9 THE ARTIFICIAL NATURE OF THE EXPERIMENTAL SYSTEM
Studies on the host-parasite interactions employing the leaf 
disk method can be of only limited value in extrapolation to the 
epidemiology of the disease in the field. However, the method is 
technically sound, in that the variations due to experimental 
procedure can be minimised and the basic relations between host, 
pathogen and environment are recognised. In poplar the age of the 
leaves and the shoots on which they were borne are reported to 
influence the infection by larici-populina (SHARMA et al., 1980). 
In this and similar instances, experiments on parasitism employing 
whole plants will result in high levels of residual variance which 
will reduce the level of significance of the effects of cultivars, 
races and environmental variables. The significance of the variance 
of a component (temperature, light intensity, cultivar, race etc.) in 
the ANOVA is determined by the ratio of the variance of the component 
to the variance of the residual. Tims the value of the latter is very 
important in determining the level of significance of the variance of 
the component. An experimental procedure such as the one adopted for 
the present studies permits a high degree of replication (giving large 
number of degrees of freedom). The closely controlled system of 
preparation, randomisation and environment of incubation tend to 
reduce the value of the residual variance to a minimum. This will 
increase the possibility of the component variance demonstrating a 
high level of significance in the subsequent analysis. Employing the 
leaf disk method, the results obtained on the basic aspects of 
Populus- Melampsora relationship in certain cultivars agreed with 
observations on relative susceptibility of these cultivars of poplar 
recorded in the field (SHARMA et al., 1975). Thus the leaf disk 
technique can be useful in investigations of the fundamental nature of 
the interactions of Populus - Me 1 ampsora and such systems in general. 
Additionally while it may tend, under certain conditions, to emphasise 
the susceptibility of a particular cultivar, it appears to maintain 
the overall relative disease ranking of cultivars observed in the 
field.
CHAPTER 3
IDENTIFICATION OF THE PHYSIOLOGIC RACES IN Helampsora larici-populina 
ON THE BASIS OF QUALITATIVE AND QUANTITATIVE REACTIONS
3.1 INTRODUCTION
Recognition of physiologic races in rusts is of great 
importance in the study of the nature of the host-parasite interaction 
and in the development of control measures for these diseases induced 
by the obligate pathogens (TERVET and CASSELL, 1951), particularly so 
when control is sought by the use of disease resistant varieties. The 
method used in the identification of races is essentially the same for 
all rusts, varying only in the selection of the differential host 
varieties required for each rust species.
Conventionally, studies on physiologic specialization in the 
fungi have employed the qualitative (Sensu, occurrence of discrete 
classes of host reaction on a scale of susceptibility / resistance) 
response in a host-parasite interaction to detect races (GASSNER and 
STRAIB, 1932; STAKMAN, 1947; MANNERS, 1950). Thus, definition of 
races of pathogens are based generally on the reactions of a set of 
host biotypes (differential cultivars). In contrast, differing but 
non-discrete degrees of compatibility of host cultivars to fungal 
isolates, as portions of an overall spectrum of susceptibility, have 
rarely been employed to distinguish physiologic races of fungi. 
However, CLIFFORD and CLOTHIER (1974) used the latter criterion to 
distinguish the isolates of Puccinia hordei Otth., of varying cultivar 
origin, by quantitative reactions on cultivars of barley and termed it 
'physiologic specialization with non-hypersensitive resistance1.
Physiologic races in M. larici-populina were reported first
by VAN VLOTEN (1949), and more recently SHARMA and HEATHER (1976a), 
investigating monouredosorial isolates of leaf rust of poplar,
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demonstrated the presence of at least five races of M^ _ 
larici-populina and six in M. medusae in the Canberra area of 
Australia. MILLER (1978), employing mono-urediniospore isolates of M. 
larici- populina obtained from SHARMA and HEATHER (Personal 
communication) demonstrated the occurrence of quantitatively 
differential resistance in certain cultivars of Populus spp.
In this Chapter the recognition of races in M. 
larici-popu 1 ina on both qualitative and quantitative response of the 
host is reported. Thus, aggressiveness (VAN DER PLANK, 1968) as 
distinct from virulence of the pathogen can be used in certain 
instances to distinguish races in the pathogen. Additionally, the 
possible genetic relationships of the host-parasite interaction is 
discussed. These results have been reported in part elsewhere 
(CHANDRASHEKAR and HEATHER, 1980).
3.2 MATERIALS AND METHODS
Six m on o-uredinio spore isolates of M_^  1 ar ic i-popul ina 
selected from the culture collection of SHARMA and HEATHER (1976a) 
were multiplied on the susceptible cultivar P. x euramericana ’1-488' 
to obtain sufficient inoculum of each isolate, as described (section 
2.4, Chapter 2). Hopefully, this uniform procedure avoided potential 
host-induced changes in the pathogen genotype during multiplication.
Maintenance of selected cultivars, preparation of leaves, 
inoculation and incubation followed the procedure detailed previously 
(sections 2.2, 2.3, 2.3 and 2.6, Chapter 2). The available 
information on the origin and history of the cultivars and races 
employed is given in Appendix 4.
The investigation involved two experiments. Initially leaf 
disks (1.76cm) cut from five cultivars of P. deltoides viz; '7-2', 
'7-9’, '7-10', ’7-13' (actually half-sibs) and '60/164' were 
inoculated with 3 mg of urediniospores of each of the six races A, B, 
C, Ü, E and F, using a settling tower and incubated at 20+1 C with 100
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^uE m s l i g h t  i n t e n s i t y .  Th i s  e x p e r i m e n t  was a s s e s s e d  on a combined 
q u a l i t a t i v e / q u a n t i t a t i v e  s c a l e  (SHARMA and HEATHER, 1977a)  ( T a b l e  
3 . 1 ) .  Where a p p r o p r i a t e ,  t h e  mean number  o f  u r e d i n i a  p e r  l e a f  d i s k  
was c a l c u l a t e d  from a s s e s s e m e n t  o f  u r e d i n i a l  number s  on e a c h  o f  t h e  15 
i n d i v i d u a l  d i s k s .  The i s o l a t e s  were  i d e n t i f i e d  by e s s e n t i a l l y  
q u a l i t a t i v e  r e a c t i o n  ( h y p e r s e n s i t i v e  -  n e c r o t i c ,  P l a t e  2 . 1 )  o f  t he  
c u l t i v a r s  i . e .  i t  was p o s s i b l e  h e r e a f t e r  t o  r e f e r  t o  t h e s e  i s o l a t e s  
a s  ' r a c e s '  ( T a b l e  3 . 1 ) .
I n  t h e  s e c o n d  e x p e r i m e n t , r a c e s  A, B, D and E whi ch  c o u l d  be 
i d e n t i f i e d  by t h e i r  r e a c t i o n s  on one  t o  f i v e  d i f f e r e n t i a l  c u l t i v a r s ,  
we re  empl oyed  t o  i n o c u l a t e  t h e  l e a f  d i s k s  o f  t h e  c u l t i v a r s ,  P.  x 
e u r a m e r  i c a n a  ' 1 - 4 8 8 ' ,  ' 1 - 2 1 4 ' ,  ' 6 5 / 2 7 '  and _P^ _ n i g r a  c v . ' e v e r g r e e n '  
and i n c u b a t e d  u n d e r  t h e  same t e m p e r a t u r e  and l i g h t  c o n d i t i o n s  as  
b e f o r e .  A l l  t h e s e  f o u r  c u l t i v a r s  were  known to  d e m o n s t r a t e  c o m p a t i b l e  
r e a c t i o n s  w i t h  M. l a r i c i - p o p u 1i n a  and a r e  r e f e r r e d  t o  h e r e a f t e r  as  
' c o n g e n i a l  c u l t i v a r s ' .  In t h i s  e x p e r i m e n t  d i s e a s e  s e v e r i t y  was 
a s s e s s e d  on t h e  f o l l o w i n g  p a r a m e t e r s .
1.  i n c u b a t i o n  p e r i o d  ( d a y s )  f rom i n o c u l a t i o n  t o  f l e c k  p r o d u c t i o n  
( I P F )  ( F l e c k s  a r e  t h e  i n i t i a l  c h l o r o t i c  a r e a s  ( P l a t e  2 . 2 )  whi ch  
a p p e a r  2 - 3  d a y s  p r i o r  t o  u r e d i n i a l  a p p e a r a n c e .
2.  L a t e n t  p e r i o d  f rom a p p e a r a n c e  o f  f l e c k s  t o  t h e  f o r m a t i o n  o f  t h e  
f i r s t  u r e d i n i a  (LPFU) .
3.  L a t e n t  p e r i o d  f o r  a p p e a r a n c e  o f  50% o f  t h e  u r e d i n i a  (LPU) .
4 .  U r e d i n i a  p e r  l e a f  d i s k  (ULD) a t  14 d a y s  a f t e r  i n c u b a t i o n .
5.  U r e d i n i o s p o r e s  p e r  u r e d i n i u m  (USU).
6 .  U r e d i n i o s p o r e s  p e r  mm" (USM) .
The d e t a i l e d  d e s c r i p t i o n  o f  e a c h  p a r a m e t e r  and t h e  met hod  
empl oyed  t o  a s s e s s  them a r e  g i v e n  e l s e w h e r e  ( s e c t i o n  2 . 7 ,  C h a p t e r  2 ) .
The r e s u l t s  o f  e x p e r i m e n t  t wo ,  t e s t e d  f o r  n o r m a l i t y  and 
h o m o s c e d a s t i c i t y  (NATER and WASSERMAN, 1974)  u s i n g  a GLIM p r o g r a m,  
we re  s u b j e c t e d  t o  s t a t i s t i c a l  c o m p u t e r  a n a l y s i s  w i t h  t h e  s u b - p r o g r a m  
ANOVA o f  SPSS (NIE e t  a 1,  1 9 7 5 ) .  The mean u r e d i n i a  p e r  l e a f  d i s k  a t
e a c h  d a i l y  o b s e r v a t i o n  f o r  e a ch  c u l t i v a r  /  r a c e  c o m b i n a t i o n ,  t h e  mean
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PLATE 3.1 Hypersensitive-necrotic reaction produced by race B 
of M. larici-populina on IP. deltoides '7-13.
PLATE 3.2 Chlorotic flecks on leaf disks of ]?. x euramericana 
’65/27' to race A of M. larici-populina.
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of each race aero«?«? four cultivars, and the mean of each cultivar 
across four race's were plotted against time (days) from first 
appearance of uredinia until day 14. The cubic curve
Yf = ßQ + ß1xi + ß2x2 + ß3x| + ZL
was fitted to the data using a program of the GLIM package. Employing 
the methods described by SRARMA, et al (1980) the following 
comparisons were made. a. Between cultivars within each race (Fig. 
3.1), b. Between races within each cultivar (Fig. 3.2) and c. Between 
the mean of each race (averaged across four cultivars) (Fig. 3.3a) 
and between the mean of each cultivar (averaged across four races) 
(Fig. 3.3b). These selective comparisons were adopted due to very 
high number of possible combinations with the curves developed from 
individual cultivar / race combination.
3.3 RESULTS
The six isolates of M. larici-populina could be recognised 
as races by the reaction of from one to five cultivars of P. 
de11oides thus the races could be said to differ in virulence. The 
reactions immune, and/or resistant (Table 3.1) were qualitatively 
distinct and reproducible.
In contrast, the reactions of the 'congenial cultivars' were 
quantitative ranging from 'moderately susceptible' to susceptible on 
the arbitrary scale (Table 3.2, 3.3 AND 3.4), thus some of the races 
differed in aggressiveness also.
A ranking of cultivars, in the order of resistance based on 
three parameters (Incubation period to flecking (IPF), Uredinia per 
leaf disk (ULD) and Urediniospores per mm (USM), (section 2.7, Chapter 
2), showed reasonable uniformity (Table 3.5) with P. nigra cv. 
'evergreen' the most resistant and P. x euramericana '1-214' the most 
susceptible. Cultivars P. x euramericana '1-488' and '65/27' were 
intermediate in their reaction to all the races. Similarly in a 
ranking of the races in order of aggressiveness, race A was always the 
most and D, the least aggressive with B and E as intermediates (Table
T
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TABLE 3.5 Rank order test of susceptibility of four cultivars 
of poplars for three parameters of disease severity.
Cultivar Races of M. larici-populina
A B D E
Based on IPF
P.x euvamericana '1-488' 1-4 ' 1-3 1-2 1-2
P.x euvamericana '1-214' 1-4 1-3 1-2 1-2
P.x euvamericana '65/21' 1-4 1-3 4 3
P. nigra cv. 'evergreen' 1-4 4 3 4
Based on ULD
P.x euvamericana '1-488' 4 2 2 2
P.x euvamericana '1-214' 1 1 1 1
P.x euvamericana '65/27' 2 3 3 3
P. nigra cv. 'evergreen' 3 4 4 4
Based on USM
P.x euvamericana '1-488' 4 2 2 2
P.x euvamericana '1-214' 1 1 1 1
P.x euvamericana '65/27' 2 3 3 3
P. nigra cv. 'evergreen' 3 4 4 4
IPF - Incubation period to flecking
ULD - Uredinia per leaf disc at 14 days
USM - Uridiniosphores per mm square of leaf area
1-4 Increasing resistance of cultivars
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TABLE 3. 6 Rank order test of aggressiveness of four races of
M, lavici-populina on three parameters of disease severity.
Race Cultivars of poplar
'1-488' '1-214' '65/27' 'Evergreen'
Based on IPF
A 2/3/4 2/3/4 3/4 4
B 2/3/4 2/3/4 3/4 1
D 1 1 1 3
E 2/3/4 2/3/4 2 2
Based on ULD
A 4 4 4 4
B 2 2 3 1
D 1 1 1 2
E 3 3 2 3
Based on USM
A 4 4 4 4
B 3 3 3 1
D 1 1 1 2
E 2 2 2 3
IPF - Incubation period to flecking
ULD - Uredinia per leaf disc at 14 days
2USM - Urediniospores per min leaf area 
1-4 - Increasing aggressiveness of races
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3.6). Despite1 occasional abberations, the races can be ranked on 
increasing aggressiveness as D, E, B and A on all the three 
parameters, although for the various parameters the mean values do not 
always differ significantly (P<0.01) between races (Table 3.8).
The summary of the ANOVA of the results for each of the five 
parameters demonstrates that races and cultivars differed very 
significantly (P<U.001) in their aggressiveness and resistance 
respectively, whi1e the interaction term was highly significant also 
(P < 0.001) (Table 3.7). The latter indicates that the relative 
disease severity between cultivars depends on the pathogen race 
employed and the relative aggressiveness between races depends on the 
cultivar employed, in the inoculation. For all the parameters the 
variance in the ANOVA due to races was always greater than that due to 
cultivars possibly indicating a closer genetic relationship between 
cultivars than between races.
The differences between curves of disease progress 
(expressed as ULD) in the cultivar to each race, were either highly 
significant (P<0.01) or significant (P<U.05), except in the 
comparison between P. x euramericana '1-488' and '65/27' to race B 
(Fig. 3.1). The rate of disease progress in all the 'congenial 
cultivars* was higher when inoculated with race A, than with B, D or 
E. In a similar comparison of cu-rves of disease progress in races A, 
B, D and E on individual 'congenial cultivars', again the differences 
between races were either highly significant (P< 0.01) or significant 
(P<0.05) (Fig.3.2). When curves of mean disease progress for each 
race (i.e. each race averaged across four cultivars) are compared, 
only those for race B and E do not differ significantly (Fig. 3.3a). 
However, in a similar comparison between the cultivars, P. x 
euramericana '1-214' was significantly (P<U.05) susceptible relative 
to P. x euramericana '1-488' and P. nigra cv. 'evergreen'. The 
differences between the remaining comparisons of mean disease progress 
between cultivars were non-significant (Fig. 3.3b). These results 
indicate that races are more important than cultivars in determining 
the mean disease progress. This observation agrees with the relative 
variances due to races and cultivars in the ANOVA (Table 3.7) which is
TA
BL
E 
3.
7 
A
na
ly
si
s 
of
 
v
ar
ia
n
ce
 
of
 
si
x
 
pa
ra
m
et
er
s 
of
 
d
is
ea
se
 
se
v
er
it
y
 
re
su
lt
in
g
 
fr
om
 
th
e 
in
te
ra
ct
io
n
 
of
 
fo
ur
 
'c
o
n
g
en
ia
l 
c
u
lt
iv
a
rs
 
of
 
po
pl
ar
 
an
d 
fo
ur
 
ra
ce
s 
of
 M
, 
la
ri
ci
-p
op
ul
in
a.
48
*
*
*
3o
3
3
•H
J-4
3
>
ro i n vC m in vC CM CO
± O m cr* r —4 o O < t r ° O '
t : H a • • a a a a a
c/o X r o c r O'- o o r-H rH o
v£> r-Ht o t—1 *-H ro »—H
r-H
C/0
X
+ r o r - ' ro CM CTv o> vC- CO ro
r o O F—1 CM r—* O ' O ' r-H
c/o r-H • • • a a a a •
X ro m »—1 (T O ' o '
O oc O ' O ' in < t 00
CM CM CM r-H
ro i ' ' CM CM CO CO m cn m
Q o r - 1(0 o O ' ro o
H r-H • a • a a a a a
5 X r —■1 i—( CM CM CM o o i—'
CM f—4 CO r-H
*
*
cr. vc CM O ' O ' r-H vC r-H X
i n r  -H O O ' O ' in ■—i o c rH rH
CX • • • a a • a • C cu
H r - CNj CM CM r-H r 4 r-H o >
CM r-H CO r-H a i •H
o 4-J
V o
PX <u
a
4-J C/5
3 <u
UO vC in CM CM r-H O ' r-H x
P cm m i n m CNJ Mf O ' 4-J
• a • a a • a a 3 r^-
Cu OC m O vC vC r - o o 3 -3-
H r—H U
•H TO!
14-4 3
•H 3
3
00 CM
•H CO
C/5
CM C < t CM CM CNJ CM 3
X O O ' CO 00 00 r-H r-H O ' CU X
CX • a • a a • • a 1-4 3
M 00 O' 00 h - 'T O O o 3 p
r-H r-H *“H f“H
C/5 r —H a
O O U-l
•H a a
4-J o "3
3
.. l-i V i—1
ci! CU ex
3
4-J
• vC ro co O ' Ov in Mf O ' O 4-J o
35 r-H CM ro 3 4-J 3 4-J
CM CM 3 3 3
•H CJ TO
X J-J •H 3
3 3 14-4 3> 3 •H
CJ 3 rH
<U •H 00 3
C/5 X U-l •H 3
05 4-J •H C/5 TO
CJ 3 •H
C/5 3 rH 00 3 C/5
3 X H •H O 3
o < 4 C/0 5S CÜ
•h X
c/5 4-J * * c/o -f-
<U x CJ X * •K 520
CJ c/5 0? 3 3 *
Xi 4_) > 1-4 >
3 CJ •H C/5 3 •H
O 3 U a) 4_) 4-J TJ
C/0 14-1 rH o 3 rH 05 rH
4-1 3 CCJ <rl 3 3 3
3 CJ pc; O •H 3
X 3 TJ rH
3 3 r-H *i—* 3
•H s CX 05 4J
3 1 X CU o
s s CM w X H
49
TABLE 3.8 General mean of the individual cultivars
and races, as measured by three parameters 
of disease severity.
Factors IPF ULD USM
Races of M. larioi-populina 
A 5.00 77.45 1475.80
B . 5.52 28.65 725.80
D 6.37 23.77 399.30
E 5.75 32.18 601.50
Cultivars of poplar
P. x euramericana
' 1-488' 5.25 32.00 670.65
' 1-214' 5.25 64.47 1087.20
'65/27' 5.70 36.92 786.80
P. nigra cv. 'evergreen' 6.44 29.76 657.75
Critical Difference at 0.01 and 0.001 probability
IPF ULD USM
Races and cultivars 0.15 0.20 5.81 11.77 34.50 45.83
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Race BRace A
13 141 0 1112 131 0 11
Race D
T3 1410 11
DAYS AFTER
Race E
T3 14
INOCULATION
FIGURE 3.1 Disease progress curves for four races of Me 1ampsora 
larici-populina on four 'congenial cultivars' ( • ;
_P. x euramericana '1488', A ; '1-214', ■ ; '65/27',
▼ ; _P. nigra cv. 'evergreen') of poplar. Within each
race, unmarked curves differ significantly at P< 0.001, 
curves with different letters differ significantly at 
P<0.01 and those marked with similar letters do not 
differ significantly at P<0.05.
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1-488
io n 13 14 12 13 14
Evergreen
10 11 12 1312 13 14
DAYS AFTER INOCULATION
FIGURE 3 .2  Cumul a t ive  u r e d i n i a  per  l e a f  d i s k  on four  p o p l a r  
c u l t i v a r s  t o  four  r a c e s  ( •  ; A, A ; B, ▼ ; D,
■ ; E) of M. l a r i c i - p p p u l i n a . Wi t h in  each c u l t i v a r ,  
unmarked c u r v e s  d i f f e r  s i g n i f i c a n t l y  ( P<  0 . 0 0 1 )  
and c u r v e s  wi t h  d i f f e r e n t  l e t t e r s  d i f f e r  s i g n i ­
f i c a n t l y  a t  P < 0 . 0 1 .
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RACES CULTIVARS
1 0 1112 13 14 0
DAYS AFTER INOCULATION
FIGURE 3.3 Disease progress curves for the mean ULD for races 
(a) (• ; A, A ; b, ▼ ; D ■ ; E) and cultivars (b) 
(•; j?. x euramericana '1-488', ▲ ; '1-214', ■ ; 
'65/27', ▼ ; P. nigra cv. 'evergreen'). Within races 
or cultivars, curves with same letters do no differ 
significantly at P<0.01.
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t h e  a n a l y s i s  o f  t h e  u r e d i n i a  pe r  l e a f  d i s k  (ULD) r e c o r d e d  on day  14 
a f t e r  i n o c u l a t i o n .  Th i s  i n d i c a t e s  a l s o  t h a t  i n  a p a r t i c u l a r  c u l t i v a r  
/  r a c e  c o m b i n a t i o n  t he  d i s e a s e  s e v e r i t y  i s  n o t  an a r t i f a c t  o f  t h e  t i me  
a t  whi ch  t h e  l a t t e r  i s  a s s e s s e d .
C e r t a i n  a p p a r e n t  r e l a t i o n s h i p s  be t we e n  d i f f e r e n t  d i s e a s e  
p a r a m e t e r s  were o b s e r v e d .  The number  o f  u r e d i n i a  p e r  l e a f  d i s c  (ULD) 
was n e g a t i v e l y  c o r r e l a t e d  w i t h  i n c u b a t i o n  p e r i o d  t o  f l e c k i n g  ( I P F )  and 
u r e d i n i o s p o r e s  pe r  u r e d i n i u m  (USU),  w i t h  a s t r o n g e r  r e l a t i o n s h i p  o f  
t h e  f o r m e r  (R^= 0 . 5 4 6 1 )  ( T a b l e  3 . 9 ) .
TABLE 3 . 9  Sumniary o f  r e g r e s s i o n  e q u a t i o n  and c o e f f i c i e n t  o f  d e t e r m i ­
n a t i o n  f o r  r e g r e s s i o n  a n a l y s i s  o f  i n t e r r e l a t i o n s h i p s  b e t we e n  
d i f f e r e n t  p a r a m e t e r s .
Y = f (X) E q u a t i o n
LPU = f ( I P F )  Y = 6 . 5923X + 0 . 7 0 2 8  0 . 6 2 1 3  
ULD = f ( IPF)  Y = - 0 . 5 3 8 1 X + 6 . 6 4 8 9  0 . 5 4 6 1  
USD = f ( LPU) Y = - 1 7 . 0 6 9 4 X + 2 2 0 . 7 2 7 0  0 . 4 6 2 6  
USU = f (LPU) Y = 89 . 9947X + 4 . 4 7 7 4  0 . 9 4 4 2  
USU = f(ULD) Y = - 2 . 2 4 4 5 X  + 1 0 4 7 . 5 6 6 8  0 . 2 8 3 5  
USM = f ( ULD) Y = 3 . 4022X + 22 . 3501  0 . 9 1 3 2
High p o s i t i v e  c o r r e l a t i o n  b e t we e n  t h e  p a r a m e t e r s  USU and 
LPU, and USM and ULD was o b s e r v e d  w i t h  more t h a n  90% o f  v a r i a t i o n  i n  
one e x p l a i n e d  by t h e  o t h e r .  V a r y i n g  d e g r e e s  o f  c o r r e l a t i o n  be t we e n  
c e r t a i n  o t h e r  p a r a m e t e r s  were o b s e r v e d  a l s o .
3 . 4  DISCUSSION
The s i x  m o n o - u r e d i n i o s p o r e  i s o l a t e s  o f  M. l a r i c i - p o p u l i n a  
c o u l d  be d i s t i n g u i s h e d  a s  i n d i v i d u a l  r a c e s  by t h e  q u a l i t a t i v e l y  
d i s t i n c t  r e a c t i o n s  o f  from one t o  f i v e  c u l t i v a r s  o f  P.  d e l t o i d e s .
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With the exception of P. de11oides '60/164' the cultivars were
propagations of half-sib seedlings, thus the differences in disease 
expression result probably from variation in the resistance genotype 
of the fertilizing pollen. The relationship of genotypes of the 
individual 'congenial cultivars' in experiment two to that of the 
particular P. deltoides cultivars in experiment one is unknown, 
however, two general points are. of interest. Although the four races 
of mono-urediniospore origin were all multiplied on the same cultivar 
i.e. P. x euramericana '1-488', this cultivar was rarely the most 
susceptible to any of the four races when assessed on any disease 
parameter, i.e. there is no positive evidence of rapid, host-induced 
changes in race genotypes, such as that indicated with P. hordei when 
the isolate originating from a given barley cultivar was most 
compatible with that cultivar (CLIFFORD and CLOTHIER, 1974). x
euramericana '65/27', a hybrid of P. de 1 toides and P. nigra cv.
'evergreen' , was usually more susceptible than P. nigra cv. 
'evergreen' although P. nigra is the native host to M_^  
1arici-popu1ina in Europe and P. deltoides and M. larici-populina do 
not co-exist in natural stands. This suggests a relationship for 
genes for resistance to M. 1arici-popu1ina in j\_ nigra and 
deltoides .
While the reactions of the P. deltoides cultivars would be 
regarded as demonstrating a distinct form of resistance e.g. vertical 
resistance (Sensu VAN DER PLANK, 1968), those of the 'congenial 
cultivars' appear as portions of a continuous spectrum from resistance 
to susceptibility. Thus while races A and D can be as readily 
distinguished by their quantitative reactions on the 'congenial 
cultivars' as by their qualitative reactions on P_^  deltoides 
cultivars, the reaction of the 'congenial cultivars' to races B and E 
do not permit the distinction of these races. This observation is in 
general agreement with that of PARLEVLIET (1978) for polygenic 
resistance in some barley varieties to isolates of P. hordei. In 
PARLEVLIET'S (1978) results, based on the racial aggressiveness 
expressed on three barley cultivars, isolate 11-1 of P. hordei was 
always distinct from isolates 1-2, 22 and 24, however, the isolates 
1-2, 22 and 24 could not be distinguished on the basis of
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aggressiveness. Use of the aggressiveness in the pathogen to 
differentiate the physiologic races was indicated also in the results 
of CLIFFORD and CLOTHIER (1974), and PRIESTLY and DOLING (1974). 
Although relative differences in aggressiveness of the pathogen was 
observed in several studies (WELLMAN and BLAISDELL, 1940; EYAL and 
PETERSON, 1967; KATSUYA and GREEN, 1967; BROWN and SHARP,1970; 
SEBESTA, 1972), it has seldom been employed in the recognition of the 
races of the pathogen. The advantage of the use of quantitative 
response of a host in addition to the conventional qualitative 
reaction on other hosts is that, it provides information on the 
overall relative aggressiveness of the races and relative resistance 
of the cultivars. Thus in a screening procedure which employs the 
most aggressive race, the greater potential susceptibility of the 
cultivars may be recognised. Additionally the relative performance of 
those cultivars under test may be determined.
Irrespective of the parameter employed the ranking of the 
cultivars for their relative susceptibility and races for their 
relative aggressiveness, is fairly uniform, though in some instances 
partial reversal is apparent (Table 3.5 and 3.6). The relative 
susceptibility of the cultivars and the relative aggressiveness of the 
races is dependant on the races and cultivars employed. This partial 
reversal supports the very highly significant (P<0.001) interaction 
(cultivar / race)in the ANOVA for almost all disease parameters. As 
suggested elsewhere (HEATHER et al., 1980) this could result in 
positive selection pressure by the chosen cultivar on the population 
of pathogen races and thus, following establishment of monoclonal 
plantings, result in epidemic disease. The resistance in cultivars of 
P. deltoides is obviously race-specific. The significant interaction 
of races and 'congenial cultivars' (Table 3.3) indicates a degree of 
race specificity also in this relationship. These observations are 
consistant with an integrated rather than a disjunctive concept of 
resistance in poplar to M. larici- populina. This viewpoint agrees 
in principle with the integrated model of PARLEVLIET and ZADOKS 
(1977).
The genetics of Populus - Melampsora interaction is unknown.
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The q u a l i t a t i v e  t y p e  r e a c t i o n s  o f  P.  de 1 t o i  d e s  c u l t i v a r s  t o  r a c e s  o f  
M. l a r i c i - p o p u l i n a  a r e  s u g g e s t i v e  o f  a g e n e - f o r - g e n e  r e l a t i o n s h i p .  
An h y p o t h e s i s  ha s  been  p r o p o s e d  ( s e c t i o n  8 . 3 ,  C h a p t e r  8 )  t o  e x p l a i n  
t h e  d e v e l o p m e n t  o f  s uch  a r e l a t i o n s h i p  b e t we e n  M. l a r i c i - p o p u l i n a  o f  
E u r o p e a n  o r i g i n  and P. d e l t o i d e s  o f  No r t h  Amer i ca  whi ch  do no t  
c o - e x i s t  i n  n a t u r e .
The c a u s a l  o r g a n i s m s  o f  t h e  l e a f  r u s t  i n  p o p l a r  (M. l a r i c i -  
p o p u l i n a  and M. medusae  o f  E u r o p e a n  and Nor t h  Amer i can  o r i g i n  
r e s p e c t i v e l y )  do no t  c a u s e  e p i d e m i c  d i s e a s e  i n  n a t u r a l  s t a n d s  o f  t h e i r  
r e s p e c t i v e  h o s t s .  I f  a l l  p o p l a r  h o s t / l e a f  r u s t  r e l a t i o n s h i p s  a r e  on 
a r a c e - s p e c i f i c  b a s i s ,  t h e n  t h e  p r o b a b l e  compl ex  m i x t u r e s  o f  c u l t i v a r s  
and r a c e s  i n  c o - e x i s t i n g  n a t u r a l  p o p u l a t i o n s  a r e  a l i k e l y  p a r t i a l  
e x p l a n a t i o n  o f  t h i s  phenomenon.
P o s s i b l y ,  as  s u g g e s t e d  by NELSON ( 1 9 7 8 )  i n  a n o t h e r  c o n t e x t ,  
t h e  p r o n o u n c e d  r a c e  s p e c i f i c  r e a c t i o n s  o f  t h e  P.  de 1 t o i d e s  c u l t i v a r s  
t o  M. l a r i c i - p o p u l i n a  i n d i c a t e  t h e  ' n e w n e s s '  o f  t h i s  h o s t - p a t h o g e n  
c o m b i n a t i o n .  The l e s s  o b v i o u s  r a c e - s p e c i f i c  r e a c t i o n s  o f  t h e  
' c o n g e n i a l  c u l t i v a r s '  t o  M. l a r i c i - p o p u l i n a  may r e s u l t  f rom l ong  
p e r i o d s  o f  c o - e v o l u t i o n  o f  t h e  p a t h o g e n  and P.  n i g r a  in E u r o p e .
PARLEVL1ET ( 1 9 7 5 )  d e m o n s t r a t e d  t h e  a s s o c i a t i o n  b e t we e n  some 
c omponen t  p r o c e s s e s  o f  i n f e c t i o n  and t h e i r  s i g n i f i c a n c e  i n  t h e  p a r t i a l  
r e s i s t a n c e  o f  b a r l e y  t o  P u c c i n i a  h o r d e i .  Va r y i n g  d e g r e e s  o f  
r e l a t i o n s h i p  be t we e n  d i f f e r e n t  p a r a m e t e r s  were o b s e r v e d  ( T a b l e  3 . 9 )  in 
t h e  p r e s e n t  s t u d y .  U r e d i n i a  p e r  l e a f  d i s k  were  n e g a t i v e l y  c o r r e l a t e d  
w i t h  t h e  i n c u b a t i o n  p e r i o d .  S i m i l a r  o b s e r v a t i o n s  were r e c o r d e d  by 
CLIFFORD ( 1 9 7 2 )  and LUKE e t  al  ( 1 9 7 2 ) .  A p o s i t i v e  c o r r e l a t i o n  ( K?= 
0 . 6 2 1 3 )  be t we e n  i n c u b a t i o n  and l a t e n t  p e r i o d  was o b t a i n e d  which a g r e e s  
w i t h  t h e  i l l u s t r a t i o n  o f  t h i s  phenomenon p r e s e n t e d '  by SHARKA e t  a 1 
( 1 9 8 0 ) .  D e t a i l e d  s t u d y  w i t h  s i n g l e  c u l t i v a r  /  r a c e  c o m b i n a t i o n  would 
p r o b a b l y  d e m o n s t r a t e  a s t r o n g e r  r e l a t i o n s h i p  b e t we e n  p a r a m e t e r s ,  t h a n  
r e p o r t e d  h e r e .
CHAPTER A
THE EFEECT OF POST-INOCULATION TEMPERATURE ON THE REACTIONS OF 
CERTAIN CULTIVARS OF POPLAR TO RACES OF PL_ larici-populina.
4.1 INTRODUCTION
Temperature has been regarded as one of the most important 
variables affecting the occurrence and development of plant disease. 
Some diseases are severe either at low (LEWELLEN et a 1 ., 1967 ; SPIERS, 
1978) or at high (ROSEN, 1955; BROMFIELD, 1961; WATSON and LUIG, 1966) 
temperature. The resistance gene Sr6 in wheat against Puccinia 
graminis tritici Eriks«;. and Henn. is effective at 20 and below but 
ineffective at 25 C. Thus, the resistance in host varieties and 
aggressiveness in the races of the pathogen may be reversed in certain 
temperature regimes. COLHOUN (1973) reviewed the effect of 
temperature on plant disease and reported its influence on different 
aspects of host-pathogen relationship. As mentioned earlier (Chapter 
1), the survey of the pertinent literature for discussion in this 
Chapter is confined mainly to cereal diseases.
In many host cultivars sensitivity of disease resistance to 
temperature has been reported frequently. STAKMAN and LEVINE (1919), 
and JOHNSON and NEWTON (1937) concluded that the optimum temperature 
for wheat stem rust (P. graminis f. sp. tritici Erikss. and Henn.) 
lay between 19 and 21 C. KATSUYA and GREEN (1967) reported decreased 
aggressiveness of race 56 of stem rust with increasing temperature 
from 15 to 25 C. The effect of temperature on host resistance to stem 
rust of wheat and oats, and to oat crown rust has been reviewed and 
the general conclusion is that higher temperature causes decreased 
host resistance (VAN DER PLANK, 1978).
Certain cultivars of Populus de 1 toi des produce distinct 
qualitative and/or quantitative reactions to the races of M. 
larici-populina Kleb. When the four 'congenial cultivars' P. x
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euramericana '1-214,' '1-488', '65/27' and P. nigra cv. 'evergreen' 
are inoculated separately with the four races of M. larici-populina 
A, B, D and E, and incubated at 20+1 C, quantitatively distinct 
responses can be recognised (section 3.3, Chapter 3).
Higher degrees of quantitative as distinct from qualitative 
resistance to rust have been recomjended as the basis for selection and 
breeding in poplar for resistance to leaf rust (HEATHER and SHARMA, 
1977). The resistance in the 'congenial cultivars' of poplars is 
regarded as partial (HEATHER, et a 1., 1980) and such resistance in 
some cereal crops is often governed by polygenes (PARLEVL1ET, 1975; 
SIMONS, 1975; SKOVMAND, 1975; PARLEVL1ET and KUIPER, 1977). SIMONS 
(1972) describing the polygenic resistance in plants to their 
pathogens suggested that, although differential effect of environment 
are not so well documented for polygenic resistance , it is possible 
that they are actually of even more importance. As the selected 
poplar cultivar will be established over a wide geographical area, 
knowledge of the sensitivity of this resistance to variations in 
environmental conditions such as temperature and light is desirable.
In this Chapter the effect of incubation (post-inoculation) 
temperature on the reaction of differential and 'congenial cultivars' 
of poplar to races of M. larici-populina is reported and the specific 
implications of this for the host— parasite relationship are discussed.
4.2 MATERIALS AND METHODS
Cuttings of poplar cultivars were raised and maintained, and 
races of M. larici-populina purified and multiplied as described 
under general methods (section 2.2, 2.3 and 2.4, Chapter 2). The 
general procedures of inoculation, incubation and observation on the 
leaf disks followed the procedure described elsewhere (section 2.5, 
2.6, 2.7, Chapter 2).
The investigation- involved two experiments. In the first,
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forty five leaf disks (1.76 cm) of each differential cultivar of P. 
deltoides, '7-2', '7-9' and '7-13' were inoculated separately in a 
settling tower with races A, B, D and E of M. larici-populina. 
Fifteen leaf disks of each cultivar / race combination were floated on 
10 ppm gibberellic acid solution and incubated at 12, 20 and 25 C. 
The occurrence of hypersensitive necrotic spots and the number of 
uredinia per leaf disk were recorded daily from 7 to 15 days after 
inoculation. The observations were summarised on the combined disease 
rating scale of SHARMA and HEATHER (1977a). In the second experiment 
similar leaf disks of the 'congenial cultivars' P. x euramericana 
'1-214', '1-488', '65/27' and nigra cv. evergreen were inoculated 
with the same races of the fungus and incubated as described 
previously. The experiments conducted at 20 and 25 C were terminated 
on day 15 after inoculation, while that at 12 C was concluded on day 
21, when the number of uredinia per leaf disk ceased to increase. 
Disease severity was assessed using the following parameters. 1. 
Incubation period (days) from inoculation to fleck production (IPF). 
2. Uredinia per leaf disk (ULD), were assessed daily from their first 
appearence after inoculation until termination of the experiment. 3. 
Mean number of urediniospores produced per mm of the leaf area (USM) 
was assessed at the termination of the experiment. The details of 
these parameters and the methods employed to assess them are described 
elsewhere (section 2.7, Chapter 2).
The results of experiment two, were tested for 
homoscedasticity and normality (NETER and WASSERMAN, 1974) using a 
GLIM program (NELDER, 1975) and were subjected to analysis of variance 
using the sub-program ANOVA of the SPSS (NIE et al., 1975). For each 
temperature the mean number of uredinia per leaf disk (ULD), at each 
daily observation, was grouped by race across the four cultivars 
separately, and plotted against time (days) after first appearance of 
uredinia until termination of the experiment. Since there was a
difference in incubation period (IPF) between temperatures, the day of 
first appearence was treated as day one in these graphs. This 
adjustment permitted the fitting of the cubic curve 
Yi = ßo + ßix. + 82x ? + ß3*- +
to the data using the GLIM program. Comparis ons were made pairwise
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between curves using the methods described by SHARMA et a 1 ( 1980).
4.3 RESULTS
The results of the experiment one, involving interaction of 
differential cultivars and races of the pathogen at three temperature 
regimes are given in table 4.1. The races can be readily 
distinguished by the reaction of the cultivars at 20 C, however, with 
the exception of race D (resistant-necrotic at 12 C), the reactions of 
cultivars P. de 1toides '7-9' and '7-13' to all races are identical
(hypersensitive - necrotic) at 12 and 25 C. Races A and B which
produced a compatible susceptible reaction on cultivar '7-2' at 12 C, 
produced resistant-necrotic and resistant reactions respectively, on 
this cultivar at 25 C. There are several less pronounced effects of 
temperature on most other cultivar / race combinations. In general 
compatibility of cultivar / race combinations was greater at 12 than 
at either 20 or 25 C.
Mean response, as measured by three parameters of 'congenial
cultivars' is given in tables 4.2 (by race) and 4.3 (by cultivar).
The mean incubation period (IFF) decreases with increasing temperature
of incubation (12.10 days at 12, 5.66 days at 20 and 5.28 at 25 C,
respectively). The mean number of uredinia per leaf disk (ULD)
resulting from the cultivar / race combinations is lower (16.01) at 25
than at 12 and 20 0 (31.48 and 40.79 respectively). Urediniospore 
2.production per mm area of leaf is highest at. 20 (800.60) compared to 
172.79 at 12 and 120.73 at 25 C (Table 4.3).
The effect of temperature on the cultivar / race interaction 
can be compared by a ranking of races for relative aggressiveness 
(Table 4.2) and cultivars for relative resistance (Table 4.3) at each 
temperature. Race A, the most aggressive at 20, is less aggressive at 
12 and the least aggressive at 25 C. Similarly race D, which is the 
least aggressive at 12 and 20 is relatively more aggressive at 25 C. 
Race E which is very aggressive at 12 and 25 is less agressive at 
20 C. The relative agressiveness of race B to all cultivars shows 
little temperature sensitivity. The relative disease severity ranking
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of cultivars with different temperatures of incubation is very 
variable in some instances but constant, or relatively so, in others 
(Table 4.3). P. x euramericana '1-214', the most susceptible 
cultivar at 20 C, ranks after nigra cv. 'evergreen' as the most 
resistant cultivar at 12 and 23 C . P. x euramericana '65/27', the 
most susceptible cultivar at 12 and 25 C, is more resistant relative 
to other cultivars at 20 C. In contrast, P. nigra cv. 'evergreen' 
ranks as the most resistant cultivar at all three temperatures and 
relative ranking of x euramericana '1-488' shows only minor 
sensitivity to temperature of incubation.
The variance due to major components and all but two of the 
interactions are all significant beyond the P=0.001 level (Table 4.4). 
The mean USM produced at 12 C did not differ significantly (P40.01) 
from that produced at 25 C (Table 4.5). The remaining pairs of 
comparisions between temperature regimes for all the parameters were 
very highly (P40.001) significant. If the interactive variances are 
added to the residual variance, the variances due to the major 
components are still very highly significant. For all disease 
parameters the variance due to temperature was greater than that due 
to either cultivars or races. Further, the second order interactions 
of cultivar x temperature and race x temperature are greater than 
that for cultivar / race interaction. These results emphasise the 
importance of incubation temperature in determining the degree of 
disease occurring from part icular cultivar / race combinations. The 
cumulative disease progress curves in terms of uredinia per leaf disk, 
for the races across all the cultivars in this monocyclic epidemic, at 
three temperatures are plotted in fig.4.1. The curves for race D 
(mean of four cultivars) incubated at 20 and 25 do not differ 
significantly (P<0.05). Similarly, those for race E incubated at 
these temperatures do not differ significantly. For each of the 
remaining comparisions between curves (Fig. 4.1) the difference is 
highly significant (P40.01). This is indicative of the influence of 
temperature throughout the incubation period. Thus the pronounced 
effect of temperature on disease severity in particular cultivar / 
race combinations is not an artifact of the time at which the latter 
is assessed.
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TABLE 4.5 General mean disease severity, for individual
post-inoculation temperature regimes, cultivars
and races, on three parameters of disease
Factors IPF ULD USM
Temperature (C)
12 12.10 31.48 172.69
20 5.66 40.79 800.60
25 5.28 16.01 120.73
Races of M. larici-populina
A 7.51 39.76 572.22
B 7.74 21.34 315.85
D 8.21 18.69 211.43
E 7.27 37.92 359.21
Cultivars of poplar
P. x euramerioana '1-488' 7.45 29.44 349.30
P. x euramerioana '1-214' 7.66 35.00 426.76
P. x  euramerioana '65/27' 7.41 34.18 407.18
P. nigra cv. 'evergreen' 8.20 19.02 281.39
Critical Difference at 0.01 and
IPF
0.001 probability 
ULD USM
Temperature 0.10 0.12 3.00 3.99 84.27 111.95
Races and cultivars 0.12 0.16 3.47 4.66 97.30 129.26
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Race A Race B
■ —  ■ 20 C
• 25 C
Race D Race E
DAYS AFTER INOCULATION
FIGURE 4.1 Cumulative disease progress curves of four races of 
M. lar i c i - p o p u l i n a , averaged across four cultivars 
of poplar, incubated at 12, 20 and 25° C. Each 
observation is the m ean reaction on four 'congenial 
cultivars'. Within any race, curves with the same 
letters do not differ si g n i f i c a n t l y  at P<-0.01.
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4.4 DISCUSSION
Hypersensitive type necrotic reactions in P. de 1toides 
cultivars were generally more pronounced at 25 than at 12 or 20 C. 
While there was some temperature sensitivity in reactions of these 
differential cultivars to -the rust races, the degree of host 
resistance expressed in cultivar / race combinations inoculated at 
25 C was always equal to or higher than that expressed by combinations 
at the lower temperature. The recognition of races A, D and E is not 
possible at 25 C, since their reactions on each cultivar is identical. 
However, at this temperature race B could be differentiated from 
others by its differing reaction on P. deltoides ' 1- 2 '. This 
emphasises the importance of incubation temperature for the 
recognition of physiologic races in this rust. A similar effect of 
high temperature (85-90 F) on the distinction of races 49 and 139 of 
P. graminis tritici was reported by MAHOMED (1954). Race 49 produced 
infection type 4 on cultivars Marquis and Kota at all temperatures 
between 60 and 90 F. Whereas race 139, at 60 to 72 produced infection 
type 2, but at 85-90 produced infection type 3 and 4 on these 
varieties and thus looked like race 49. LEVINE (1928) from his 
studies on stem rust of wheat, concluded that 20 C was about optimal 
for occurrence of rust and there was a rapid decrease in incidence 
below 17 or above 22 C. The resistance conferred by the Sr6 gene in 
wheat to stem rust at 20 was rendered ineffective at 25 C (VAN DER 
PLANK, 1978). PETURSON (1930) found the oat variety 'Red rust proof' 
was moderately resistant to race 4 of P. coronata Cda. var avenae 
Fras. and Led. at 14, but highly susceptible at 21 - 25 C. ZIMMER 
and SCHAFFER (1961) reported the oat variety 'Glabrota' to be 
resistant to race 263 of crown rust at 15, intermediate at 21 and 
susceptible at 27 C. Literature on effect of incubation temperature 
on the expression of resistance is conflicting. WATERHOUSE (1929) 
reported that certain cultivars of wheat were resistant to stem rust 
in Australia in winter (low temperature and light) and susceptible in 
summer (high temperature and light). In contrast, LEVINE (1928) 
reported reduced incidence of stem rust during warmer periods (above 
22 C) in some states of America. However, relative increase in 
incubation temperature has resulted decreased resistance in wheat to
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stem rust (JOHNSON, 1931; MAHOMED, 1954; BROMFIELD, 1961; WATSON and 
LUIG, 1966), oat to stem rust (GORDON, 1933; NEWTON and JOHNSON, 1944; 
ROBERTS and MOORE, 1936) and crown rust (ROSEN, 1935). VAN DER FLANK 
(1978) provided a review on the effect of temperature on reactions of 
cereal rusts and concluded "If temperature affects resistance, it 
affects in the direction of reduced resistance at higher temperature".
The increased resistance expressed by the 'congenial 
cultivars' at high temperature (25 C) is comparable to the report of 
LEWELLEN et a 1 ( 1967 ), that minor genes in wheat to Puccinia 
striiformis West., expressed higher resistance at the temperature 
profile 15/24 (night/day), than at a lower temperature profile 2/18 C. 
In agreement with the present results, SPIERS (1978) reported 
decreased susceptibility of certain poplar cultivars to M. larici- 
popu1ina when incubated at 25 rather than at 20 and below. KOCHMAN 
and BROWN (1976a) reported an inverse relationship between temperature 
and different component processes of prepenetration such as 
germination, germ-tube length and appressorial formation in P. 
graminis avenae Erikss. and Henn. and P. coronata avenae on oats. 
Decrease of these processes were noticed with increase in temperature 
from 5 to 35 C.
The effect of temperature on the expression of disease by 
both differential and 'congenial cultivars' is similar, i.e., higher 
temperature of incubation results in decreased susceptibility. This 
suggests the possibility that the genes involved in rust resistance in 
the cultivars of P. deltoides are the same as those occurring in the 
'congenial cultivars', and that their expression differs due to 
different genetic backgrounds. This agrees to an extent with the view 
point of NELSON (1978) that the collective action of minor genes can 
condition a trait normally attributed to a major gene. Evidence 
advanced by ATHWAL and WATSON (1954) that in wheat, resistance genes 
have major and minor effects in different genetic backgrounds, 
supports this general hypothesis. These observations permit the 
speculation on the general genetic nature of poplar/leaf rust 
relationship in Chapter 8.
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The response of the 'congenial cultivars' has both 
ecological and epidemiological implications. A ranking of races and 
cultivars on the basis of the three disease parameters is reasonably 
uniform (Table 4.2 and 4.3), however, the relative level of disease in 
each combination is dependant on incubation temperature (Table 4.4), 
i.e., this system demonstrates a degree of quantitative interaction 
without reversal (SCOTT, et. al., 1979). Whether this is the 
consequence of the differential effect of temperature on races, 
cultivars or their interaction cannot be distinguished. A similar 
conclusion was reached also by MARTENS et al ( 1967 ) while working on 
stem rust of oats (F. graminis avenae).
The effect of temperature of incubation on the cultivar / 
race interaction is obviously complex. Shorter incubation period to 
flecking (IPF) was observed with increasing temperature (Table 4.2). 
Similar observations of shorter incubation periods with higher 
temperatures were made by ZIMMER and SCHAFER (1961) with crown rust 
(P. coronata) of oats, PARLEVLIET (1973) and, TENG and CLOSE (1978) 
with leaf rust of barley (P_^  hordei 0tth.)7 and EVERSMEYER et a 1 
(1980) and JOHNSON (1980) with leaf rust of wheat. Work on other 
rusts has in general shown that with an increase in temperature the 
latent period is decreased (MELANDER, 1935; CAMMACK, 1961; SAARI and 
MOORE, 1962; EAYAL and PETERSON, 1967). Within each temperature 
regime incubation period to flecking (IPF) is inversely correlated 
with number of uredinia per leaf disk (ULD, table 4.3). This agrees 
with the earlier observation (Chapter 3) and similar observations in 
leaf rust of barley (CLIFFORD, 1972; PARLEVLIET, 1975). However, when 
IPF and ULD are averaged across cultivars (Table 4.3) and compared 
between temperatures, leaf disks incubated at 25 C have the shortest 
mean IPF (5.28 days) and lowest mean ULD (16.01 uredinia per leaf 
disk). This suggests that the temperature of incubation affects 
differentially the process leading to these two forms of disease 
expression.
The type and degree of reaction of the leaf disks cut from 
cultivars and used in these experiments agree with those for the same 
cultivars grown in the field in Australia (SHARMA et al., 1975).
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Hence t h e  r e s u l t s  would seem t o  have  some p o s s i b l e  i m p l i c a t i o n s  f o r  
e x t r a p o l a t i o n  t o  t h e  f i e l d  and t h i s  w i l l  be d i s c u s s e d  i n  C h a p t e r  8.
S t u d i e s  on t h e  e f f e c t  o f  d i u r n a l  t e m p e r a t u r e  f l u c t u a t i o n  on 
c u l t i v a r  /  r a c e  i n t e r a c t i o n  would be e s s e n t i a l  f o r  t h e  p r e d i c t i o n  o f  
l i k e l y  e f f e c t s  o f  t e m p e r a t u r e  s e n s i t i v i t y  on f i e l d  b e h a v i o u r  o f  
c u l t i v a r  /  r a c e  c o m b i n a t i o n .  However ,  t h e  p r e s e n t  r e s u l t s  s u p p o r t  t h e  
f i e l d  o b s e r v a t i o n  o f  r a p i d  i n c r e a s e  i n  p o p l a r  l e a f  r u s t  c a u s e d  by M.
1a r i c i - p o p u 1 i n a  whi ch  o c c u r s  i n  m i d / l a t e  s p r i n g  i n  c e r t a i n  
e n v i r o n m e n t s  i n  A u s t r a l i a .  In c o n t r a s t ,  i f  t h i s  l e a f  r u s t  i s  r e c o r d e d  
i n t i a l l y  o n l y  in mid summer t h e  r a t e  o f  e p i d e m i c  d e v e l o p m e n t  i s  
r e l a t i v e l y  s l o w  (HEATHER, u n p u b l i s h e d  d a t a ) .
The s e n s i t i v i t y  o f  c u l t i v a r  /  r a c e  i n t e r a c t i o n s  t o  
t e m p e r a t u r e  l i m i t s  t h e  u s e f u l n e s s  o f  c u l t i v a r  s e l e c t i o n  f o r  r u s t  
r e s i s t a n c e  t o  s p e c i f i c  e n v i r o n m e n t s .  I t  e m p h a s i s e s  t h e  n e c e s s i t y  f o r  
f i e l d  t r i a l s  in v a r i o u s  e n v i r o n m e n t s  t o  f o l l o w  l a b o r a t o r y  s c r e e n i n g  o f  
c u l t i v a r s  f o r  l e a f  r u s t  r e s i s t a n c e .  T e m p e r a t u r e  s e n s i t i v i t y  o f  t h e  
r e s p o n s e  o f  ' c o n g e n i a l  c u l t i v a r s '  ha s  i m p l i c a t i o n s  on t h e  p o p u l a t i o n  
d y n a m i c s  o f  t h e  p a t h o g e n  in t h e  n a t u r a l  e c o s y s t e m s .  D i f f e r e n t i a l  
e f f e c t  o f  t e m p e r a t u r e  on t h e  p a t h o g e n  r a c e s  ha s  t h e  p o t e n t i a l  t o  c a u s e  
d i v e r s i t y  in t h e  p o p u l a t i o n s  and c o n s e q u e n t l y  a v o i d  t h e  r a p i d  b u i l d  up 
o f  a s i n g l e  r a c e  as  a c o n s e q u e n c e  o f  r e d u c e d  h o s t  v a r i a b i l i t y .  Thus 
v a r i a t i o n s  i n  t e m p e r a t u r e  c o u l d  h e l p  m a i n t a i n  s t a b i l i t y  i n  t h e  
h o s t - p a t h o g e n  r e l a t i o n s h i p  in b o t h  n a t u r a l  and a r t i f i c i a l  e c o s y s t e m s .
The b r o a d e r  i m p l i c a t i o n s  o f  t h e  p r e s e n t  r e s u l t s ,  t a k e n  
j o i n t l y  w i t h  t h e  e f f e c t s  o f  t h e  o t h e r  f a c t o r s  s uch  as  p r e - i n o c u l a t i o n  
t e m p e r a t u r e ,  l i g h t  i n t e n s i t y  o f  i n c u b a t i o n  e t c . ,  a r e  p r e s e n t e d  i n  t h e  
g e n e r a l  d i s c u s s i o n  ( C h a p t e r  8 ) .
CHAPTER 5
THE EFFECT OF PRE- AND POST-INOCULATION TEMPERATURE ON RESISTANCE 
IN CULT I VARS OF POPLAR TO RACES OF larici-populina.
5.1 INTRODUCTION
When incubated at post-inocu1 ation temperatures of 12, 20 
and 25 C the reactions of certain cultivars of poplar, whether of the 
incompatible type (P. deltoides '7-2', '7-9' and '7-13') or of 
compatible type (P. x euramcricana '1-488', '1-214', '65/27' and P_^  
nigra cv. 'evrgreen' ) , to races of M. larici-populina were 
temperature sensitive. All the cultivars were more resistant to all 
races in a post-inoculation temperature regime of 25 than at 12 or 
20 C. Further with the compatible cultivars and races, the second and 
third order interactions of temperature, race and cultivar, for three 
parameters of disease severity, were generally very highly significant 
(chapter 4) .
Environment affects disease through its direct effect on the 
pathogen, through its effect on the host and/or through its effect on 
the interaction of the host and the pathogen. When the response of 
the host is conditioned by the pre-inoculation effect of environment, 
it is termed predisposition. YARWOOD (1959) defines predisposition as 
environmentally conditioned susceptibility i.e. the latter is 
determined more by the environment than by the host or the pathogen. 
Comparable terms for predisposition in literature are "Disease 
proneness" (GAUMANN, 1956), "Disease potential" (GRAINGER, 1956), 
"Aquired susceptibility" (RAINES, 1922) etc. A review of concepts, 
definitions and factors of predisposition is given by YARWOOD (1959) 
and more recently by COLHOUN (1979). Temperature has been regarded as 
the most important variable affecting predisposition in plants to 
disease (COLHOUN, 1979). Literature on the predisposition effects of 
temperature records results where the treatment of detached plant 
parts or sometimes of the whole plant has been for a relatively short 
period, e.g. 2-5 hours, prior to inoculation (KASSANIS, 1952;
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YARWOOD, 1936; SCHULZ and BATEMAN, 1969; KHAMEES, 1977). However, 
some reports are available on the predisposing effects of the 
temperature regime in which the host is cultured, on the degree of 
susceptibility of hosts to pathogens (GASSNER and STRA1B, 1934; 
BLODGETT, 1936; SHARP, 1962; RAMAKR1SHNAN, 1966).
In this chapter the results of an experiment employing two 
pre- inoculation temperatures (temperature of culture of plants) and 
two post-inoculation temperatures (temperature of incubation) on the 
degree of leaf rust induced by races of M. larici-populina in certain 
'congenial cultivars' of poplar, are described.
3.2 MATERIALS AND METHODS
Four races of M. 1arici-popu1ina, designated A, B, D and E, 
and four compatible cultivars of Populus spp., P. x euramericana 
'1-488', '1-214', '65/27' and nigra cv. 'evergreen' were used in 
the experiment. The individual races were purified and multiplied as 
described previously (section 2.4, chapter 2) to produce adequate 
quantities of urediniospores. Replicate cultivars were cultured in 
rust proof, phytotron L.B. cabinets (MORSE and EVANS, 1962) on 
day/night temperature regimes of 28/20 and 20/10 C (8 h day/16 h 
night) with a 16 h photoperiod (10 h natural light and 6 h artificial 
light). The plants were watered .daily with HOAGLAND (2) solution 
(HEWITT, 1966) and leaf^product ion recorded over three months. Leaves 
40-45 days old on shoots of comparable age were harvested separately 
from each cultivar in each temperature regime. Selection of leaves of 
this age ensured high potential susceptibility and uniform disease 
expression of the subsamples within the cultivar (SHARMA et a 1., 
1980). Fifteen leaf disks (1.76 cm) were cut from the leaf sample of 
each cultivar grown on each temperature regime and inoculated 
separately with five mg of urediniospores of each race of M. 
larici-popul ina in a settling tower floated on 10 ppm gibberellic acid 
solution in replidishes and incubated at 20 C. Due to space 
limitation of the tower it was necessary to inoculate a second series 
of disks and this series was incubated at 25 C. Preliminary 
experiments had demonstrated that, providing certain precautions were
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taken, the mean spore load deposited per unit area of leaf disk in 
successive inoculations in the tower did not differ significantly 
(section 1.4, appendix 1). The disks were incubated in 16 h 
photoperiod with a light intensity of ca. 100 u^E m s’.
For brevity of reference the combinations of pre-inoculation 
temperature and post-inoculation temperature are referred to as in 
table 5.1.
TABLE 5.1 Designation in text of combination of pre- and post-inocula- 
tion temperature regimes
Pre-inoculation Post-inoculation
temperature regime(C) temperature regime(C)
20 25
20/10 low-low low-high
28/20 high-low h igh-high
The experiment was terminated on day 14 after inoculation 
when the number of uredinia per leaf disk ceased to increase. Disease 
severity was assessed using the following parameters. 1. Incubation 
period (days) from inoculation to fleck production (IPF). (Flecks, 
localised chlorotic areas, were the initial symptoms of successful 
infection and were formed 2-3 days prior to uredinia). 2. Uredinia
per leaf disk (ULD) were assessed daily from their first appearance
. . % until day 14. 3. Mean number of urediniospores produced per mm of
leaf (USM) was assessed at the termination of the experiment (SHARMA
and HEATHER, 1979a).
The results were tested for homoscedasticity and normality 
(NETER and WASSERMAN, 1974) using a GLIM program (NELDER, 1975) and 
subjected to analysis of variance using the sub-program ANOVA of SPSS 
(NIE et a 1., 1 975).
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5.3 RESULTS
Mean height growth and maximum number of leaves per plant 
were considerably greater in cultivars grown on the high temperature 
regime (122.60 eins, 34 respectively) than in the same cultivars grown 
on low temperature regime (42.00 ems and 18).
The results of the inoculation experiments are presented 
race-wise (Table 5.2) and cultivar wise (Table 5.3). The relative 
aggressiveness of the four races over all the temperature combinations 
cannot be assessed since incompatible reactions were given by race D 
in the low-low and high-high combination. However for most 
temperature combinations, race E is more aggressive than race B on 
most disease parameters. For most individual races and also for means 
of all races there is a general reduction in aggressiveness through 
the series of temperature combinations, low-low, low-high, high-low 
and high-high for the three disease parameters.
The mean relative resistance of each cultivar to the races 
for each parameter can be assessed by ranking of cultivars within a 
temperature combination (Table 5.3). Thus, irrespective of 
temperature combination, P. x euramericana '1-214' is the most 
resistant (all disease parameters), and P. nigra cv. 'evergreen' 
frequently the most susceptible cultivar. Cultivar '1-488' and 
'65/27' are intermediate with '1-488' more resistant than '65/27' 
except on occasions for the parameter USM. For both individual 
cultivars and mean disease reaction over all the cultivars, resistance 
as indicated by most parameters increases over the temperature 
combination series low-low, low-high , high-low and high-high (Table 
5.3).
For most disease parameters the variances due to the major 
components (pre-inocu1 at ion temperature, post-inoculation temperature, 
races and cultivars) and also those of various orders of interaction, 
are very highly significant (P-40.001, Table 5.4). Most of the 
comparis^ons between the means of different levels, within each of 
these major variables, were very highly (P^.0.001) significant (Table
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TABLE 5.4: Analysis of variance of three parameters of disease
severity, resulting from the interaction of four 
cultivars of poplar and four races of M* larLci-populina  
at two pre- and two post-inoculation temperature regimes
Source of variation D. F. IPF
Variance
OLD
(x 102)
USM
(x 105)
Pre-inoculation 
Temp. (G.T .)
1 441.53 1094.16 452.71
Post-inoculation 
Temp. (I.T.)
1 86.9 1547.36 68.39
Race 3 5.56 238.70 208.08
Cultivar 3 22.32 65.66 35.71
G.T. x I.T. 1 46.57 1183.50 236.91
G.T. x Race 3 1.39 126.63 189.96
G.T. x Cultivar 3 7.58 9.43 9.94
I.T. x Race 1 0.60* 439.81 44.32
I.T. x Cultivar 3 1.18 21.00 0.67NS
Race x Cultivar 9 0.99 4.72 9.64
G .T. x I.T. x Race l 2.44 224.70 175.00
G .T . x I .T . x 
Cultivar 2 1.52 6.05 1.78
G .T. x Race x 
Cultivar 6 2.79 6.26 9.79
I.T. x Race X Cultivar 3 1.63 8.83 5.61
G.T. x I.T. x Race 
Cultivar
X
3 3.78 0.24NS 10.17
Residual 509 0.13 1,51 00.39
Total 550 1.42 11.69 8.45
All variance ratios lacking super scripts are significant at P<0.001.
^Significant at P<0.05. 
NS Non Significant
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TABLE 5.5 General mean of three parameters of disease for 
each of the pre-inoculation temperature, post­
inoculation temperature, cultivars and races.
Factors IPF ULD USM
Pre-inoculation temperature 
20/10
(C)
5.87 37.39 1943.50
28/20 7.82 6.31 559.50
Post-inoculation temperature 
20
(C)
6.55 34.54 1797.00
25 7.14 8.16 706.00
Races of M. larici-populina.
A 6.82 13.06 1447.00
B 6.90 14.96 1137.75
D 7.10 14.88 988.50
E 6.70 34.19 1399.00
Cultivars
P. x euramericana '1-488' 7.05 21.11 990.56
P. x euramericana '1-214' 7.31 11.42 662.25
P. x euramericana '65/27' 6.26 24.10 . 1379.25
P. nigra cv. 'evergreen' 6.55 29.32 1602.00
Critical Difference at 0.01 and 0.001 probability
IPF ULD USM
Pre and Post-inoculation 0.09 0.11 1.84 2.45 66.30 88.08
temperature
Races and cultivars 0.08 0.10 2.61 3.47 93.76 124.56
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5.5). If the interactive variances are added to the residual 
variance, the variances due to the major components are still very 
highly significant. For most parameters the degree of contribution of 
the major components to the total variance was, pre-inoculation 
temperature? post-inoculation temperature , races , cultivars (Table 
5.4). Further the variances of the second and third order 
interactions involving pre-inoculation temperature were usually 
greater than those of other interactions, emphasising the importance 
of this factor in determining the relative degree of susceptibility of 
a particular cultivar / race combination.
5.4 DISCUSSION
The present experiment demonstrates the temperature 
sensitivity of reactions of poplar cultivars to leaf rust. For most 
cultivars disease severity (on most parameters)was lowest in those 
replicates cultured on 28/2U C temperature regime. For those cultivar 
/ race combination where it was possible to assess aggressiveness of 
races this was usually lowest in the high-high temperature 
combination. These results are in agreement with the previous report 
that the degree of resistance in ’congenial cultivars' was highest and 
aggressiveness of races lowest when cultivar / race combinations were 
incubated at 25 rather than at 12 or 20 C (chapter 4). OMAR (1978) 
has reported that the optimum- temperature for germination of 
urediniospores of M. 1arici-popu1ina lies between 15 and 25 C and 
SPIERS (1978) reported decreased susceptibility of certain poplar 
cultivars to this rust when incubated at 25 rather than at 20 C and 
lower.
The present results agree also with certain observations on 
cereal crop diseases. GASSNKR and STRAIK (1934) noted that 
pre-inoculation temperature below 14 C often increased susceptibility 
in wheat to stripe rust (Puccinia glumarum (Schm.) Erikss. and Henn. 
Similarly wheat plants susceptible to stripe rust at 12.9 C became 
resistant when exposed to a temperature of 25.3 C (NEWTON and JOHNSON, 
1936). SHARP (1962) demonstrated that, depending on the variety, 
wheat plants grown at 24 C before inoculation with Puccinia striiformis
81
West. (syn. P. glumarum) were either more or less susceptible than 
wheat grown at 15 C. In experiments with rice and Pyricularia oryzae, 
Cav. RAMAKR1SHNAN (1966) showed that rice seedlings grown at night 
temperature of 20 became more susceptible than those grown at 25 or 
30 C. In contrast, BLODGETT (1936) demonstrated that gooseberry 
plants growing at 19 G when subjected to 28 C were more susceptible 
than when held at 12 G to inoculations with Pseudopeziza ribis Kleb., 
and incubated at 20 C. In contrast, in some experiments in which a 
variety of treatments of pre-inoculation temperature were employed, 
the general conclusion was that plants could be rendered more 
susceptible to infection by relatively high pre-inoculation 
temperatures (VASUDEVA, 1930; KASSANIS, 1952; YARWOOD, 1956; KHAMEES, 
1977). A similar conclusion was reached by VAN DER PLANK (1978) for 
the effect of post-inoculation temperature on the host-pathogen 
interaction.
Plants of cultivars grown on the 28/20 temperature regime 
were taller and bore more numerous but thinner leaves than those of 
the same cultivars grown on the 20/10 regime. The numerous and 
pronounced effects which temperature of culture have on the morphology 
and physiology of leaves may predispose them to disease (AYERS, 1978). 
It is not possible from the present results to suggest the factor(s) 
which are likely to increase the resistance to leaf rust of poplar 
cultivars cultured on the high temperature regime.
Ranking of cultivars in the order of resistance is highly 
uniform (Table 5.3). However, the relative disease level in any 
cultivar / race combination depends on pre-inoculation temperatue, 
post-inoculation temperature and their specific combination (Table 
5.3). This pattern of disease expression demonstrates quantitative 
interaction without reversal (SGOTTet al., 1979). Cultivars grown at 
high temperature (28/20) are relatively more resistant than those 
grown at low temperature (20/10) demonstrating the predisposing effect 
of the latter on the host. For most parameters the variance due to 
the effect of pre- inoculation temperature was more than that due to 
any other factor (Table 5.4). Thus the resistance in cultivars was 
conditioned largely by the non-genetic factor and agrees in principle
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with the concept of predisposition by YARWOOD ( 1959). Since the 
disease outcome is a common measure of resistance in the host and 
aggressiveness in the pathogen, the separate effects of pre- or 
post-inoculation temperature on the cultivars or races cannot be 
clearly isolated. In a different context a similar conclusion was 
reached by MARTENS et a 1 . ( 1 967 ) win le working with stem rust of 
oats. The significant interaction of the temperature factors with 
races and cultivars has practical implications as it suggests that a 
cultivar selected as the most resistant in a particular environment 
will not necessarily be the most suitable cultivar in another 
env ironment. .
Reduced ULD and USM in the high-high compared with low-low 
temperature combination in an individual disease monocycle would 
reduce the rate (r) of epidemic development (VAN DER PLANK, 1968) in 
a poplar crop over the growing season. The increased mean IPF of ca. 
3 days in the high-high compared with low-low temperature combination 
may appear rather insignificant but it has important epidemiological 
consequences in a perennial crop with a long growing season. This 
increased period to IPF will initially delay the onset of the 
epidemic, however, more importantly it will increase the mean length 
of each monocycle in an epidemic and thus reduce the rate (r) of 
disease progress in the crop. If a mean monocycle length of 10 days 
and a 5 month period of conditions suitable for disease development 
are assumed, a 3 day increase in the length of the individual 
monocycle will result in 11 rather than 15 monocycles per season. The 
growth of cultivars of poplar which lack evergreen character is very 
day length sensitive hence the establishment of cultivars whose 
growing season is essentially in the summer-early autumn period, would 
avoid the coincidence of an environment favourable to leaf rust 
occurrence and period of high potential productivity of the cultivar.
Extrapolation from these results, obtained in the laboratory 
under constant and closely controlled conditions, to likely effects of 
pre- and post-inoculation temperature on susceptibility of cultivars 
of poplar to leaf rust in the field, can be only very tentative. It
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has  been  shown e l s e w h e r e  t h a t  s u s c e p t i b i l i t y  o f  an i n d i v i d u a l  l e a f  t o  
r u s t  v a r i e s  w i t h  l e a f  m a t u r i t y  and f u r t h e r  t h a t  f o r  l e a v e s  o f  a 
p a r t i c u l a r  m a t u r i t y  and t h e  age  o f  t h e  s h o o t s  on whi ch  t h e y  were  b o r n e  
a l s o  a f f e c t  s i g n i f i c a n t l y  t h e i r  s u s c e p t i b i l i t y  t o  l e a f  r u s t  (SHARMA, 
e t a l . ,  1 9 8 0 ) .  In t h e  f i e l d  t h r o u g h  t h e  g r o wi n g  s e a s o n ,  t h e  l e a v e s  on 
s h o o t s  w i l l  be s u b j e c t  t o  d i u r n a l  and s e a s o n a l  f l u c t u a t i o n s  i n  
t e m p e r a t u r e .  Th u s ,  s u s c e p t i b i l i t y  o f  a p a r t i c u l a r  l e a f  i n  t h e  crown 
a t  any t i me  in  t h e  g r o wi n g  s e a s o n ,  and h e n c e  o f  a c u l t i v a r  as  a whole  
w i l l  d e pe nd  on a compl ex  o f  g e n e t i c ,  o n t o g e n e t i c  and e n v i r o n m e n t a l  
f a c t o r s .  The p r e s e n t  r e s u l t s  s u g g e s t  t h a t  in t h e  f i e l d  c o m p a r a b l e  
l e a v e s  d e v e l o p e d  on a h i g h e r  t e m p e r a t u r e  r e g i m e ,  i n f e c t e d  and e x p o s e d  
t o  a h i g h e r  t e m p e r a t u r e  w i l l  be l e s s  s u s c e p t i b l e  t h a n  t h o s e  d e v e l o p e d  
and e x p o s e d  in  l ower  t e m p e r a t u r e  r e g i m e s .  Thus w i t h i n  t h e  l i m i t s  
i mposed  by g e n e t i c  and o t h e r  f a c t o r s ,  i n f e c t i o n s  o f  l e a v e s  whi ch  o c c u r  
i n  e a r l y  / l a t e  s p r i n g  in A u s t r a l i a  a r e  more l i k e l y  t o  c a u s e  e p i d e m i c s  
o f  M. 1 a r i c i - p o p u 1 i n a  l e a f  r u s t  i n  t h e  f i e l d .  T h i s  a g r e e s  w i t h  t h e  
f i e l d  o b s e r v a t i o n  (HEATHER, u n p u b l i s h e d  d a t a )  t h a t  M. l a r i c i - p o p u l i n a  
l e a f  r u s t  r e a d i e s  e p i d e m i c  p r o p o r t i o n s  i n  C a n b e r r a  in t h e  l a t e  s p r i n g  
/  e a r l y  summer.  By mid summer t h e  e p i d e m i c  h a s  s u b s i d e d  and i t  can  be 
q u i t e  d i f f i c u l t  t o  l o c a t e  f r e s h  u r e d o s o r i  o f  t h e  f u n g u s  i n  l a t e  
s u mmer .
The d i f f e r e n t i a l  i n t e r a c t i v e  r e l a t i o n s h i p  b e t we en  
p r e - i n o c u l a t i o n  t e m p e r a t u r e ,  po s t t i n o c u 1 a t i o n  t e m p e r a t u r e ,  c u l t i v a r s  
and r a c e s  w i l l  t e n d  t o  m a i n t a i n  v a r i a b i l i t y  in t h e  r a c i a l  c o m p o s i t i o n  
o f  t h e  n a t u r a l  p o p u l a t i o n s  o f  t h e  p a t h o g e n .  Thus p o s i t i v e  s e l e c t i o n  
p r e s s u r e  o f  c u l t i v a r s  on r a c i a l  c o m p o s i t i o n  o f  t h e  p a t h o g e n  may be 
l e s s  t h a n  s u s p e c t e d  p r e v i o u s l y  (HEAHTER e t  a l . ,  1 9 8 0 ) .  Hence i t  may 
be p o s s i b l e  t o  e s t a b l i s h  g r o v e s  o f  s i n g l e  c u l t i v a r s  w i t h o u t  t h e  
e x p e c t e d  i n c r e a s e  i n  damage from l e a f  r u s t  i n  s u c c e s s i v e  s e a s o n s .  
T h i s  p o s s i b i l i t y  w i l l  be more r e a l i s a b l e  i f  o t h e r  f a c t o r s  o f  
e n v i r o n m e n t ,  e . g .  l i g h t  i n t e n s i t y  and d u r a t i o n ,  h u m i d i t y  and 
n u t r i t i o n  i n t e r a c t  a l s o  w i t h  t h e  t e m p e r a t u r e  f a c t o r s ,  c u l t i v a r s  and 
r a c e s .  The e f f e c t  o f  l i g h t  i n t e n s i t y  and t h e  i n t e r a c t i o n  o f  
t e m p e r a t u r e  and l i g h t  on t h e  c u l t i v a r  /  r a c e  c o m b i n a t i o n s  h av e  been  
i n v e s t i g a t e d  a l s o ,  and t h e s e  a r e  t h e  s u b j e c t s  o f  c h a p t e r s  6 and 7.
CHAPTER 6
THE EFFECT OF LIGHT INTENSITY ON THE REACTIONS OF POPLAR 
CULTIVARS TO RACES OF M. larici-popuI ina
6.1 INTRODUCTION
The response of certain cultivars of poplars to races of M.
1arici-popu1ina , varied differentially with pre- and post-inoculation 
temperature regimes (Chapter 4 and 5). Resistance in 'congenial 
cultivars' was higher when cultivar / race combinations were incubated 
at 25, rather than at 12 or 20 C. Further, resistance in such
cultivars to leaf rust was higher when the plants were cultured on a 
high (28/20 C day/night), than on lower pre-inoculation temperature 
regime (20/10 C).
The effect of intensities of light and, duration of periods 
of light and dark on fungal sporulation has been documented (LEACH, 
1962; 1967; 1971). In certain obligate parasites, light intensity is
known to affect different component processes (prepenetration and 
penetration) of infection (KOCHMAN and BROWN, 1976a; 1976b).
Germination and germ-tube growth were reduced when urediniospores of 
M. larici-populina incubated at 10,000 rather than at 1000 or 5000 
lux; with complete inhibition of germination at 20,000 lux (OMAR, 
1978). However, SPIERS (1978) observed that germination of 
urediniospores of M. 1arici-popu1ina and M. medusae, and infection 
of leaf disks of poplar by these organisms, were unaffected by light 
intensity (level unspecified) when compared to continuous darkness. 
Reports on the effect of light intensity on susceptibility of cereal 
hosts to rusts are conflicting, with increased light intensity causing 
reduced (GASSNER, 1927; JOHNSON, 1931), increased (HART and ZALESKI, 
1935) and no effect on (MELANDER, 1931) host resistance.
In this Chapter the effect of light intensity, on the 
reactions of 'congenial cultivars' of poplar to races of M_^
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larici-popu1 inn is reported.
6.2 MATERIALS AND METHODS
The investigation involved a set of experiments conducted 
under constant and variable (sunlight) light intensity conditions, 
however, the latter was only a preliminary experiment.
In experiment one, physiologic races A,B,D and E of M. 
larici-populina and four cult.ivars of Popu 1 us spp., P. x euramericana 
'1-488', '1-214' and '65/27' and JP^  nigra cv. 'evergreen', which 
produce compatible reactions and show sensitivity to variation in 
temperature, were used. The individual races were purified and 
multiplied as described previously (section 2.4, Chapter 2). 
Replicate cultivars were cultured in a rust free, growth cabinet 
(temperature 20+1 C and 16 hr photopcriod). Maintenance of plants and 
the leaf collection followed the procedure described earlier (section 
2.2, Chapter 2). Banks of cool flourescent tubes (Phillips, TL 
20W/84) were used to obtain post-inoculation light intensities of 100, 
250 and 1000 micro Einsteins per square meter per second (pE m s ). 
The inoculation, incubation and observations on the leaf disks 
followed the standard procedure (Section 2.5, 2.6 and 2.7, Chapter 2). 
Fifteen leaf disks (1.76c>vwere cut from leaf samples of each cultivar 
and inoculated separately with 5 mg of urediniospores of each race of 
M. larici-populina in a settling tower, floated on 10 ppm gibberellic 
acid solution in Petri dishes and incubated at 20 C, with a light 
intensity of 100, 250 of 1000 pE m2' s1 on a 16 hr photoperiod. 
Inoculation of leaf disks of cultivars with the races was repeated to 
obtain sufficient leaf disks for incubation at each light level.
The experiment was terminated on day 14 after inoculation 
when the number of uredinia per leaf disk in all treatments had ceased 
to increase. Disease severity was assessed using the following 
parameters. 1. Incubation period to flecking (IPF). 2.Uredinia per 
leaf disk (ULD) assessed daily from their first appearence until day 
14.
86
The observation made on each parameter was tested for 
certain assumptions of the analysis of variance and were subjected to 
the analysis using a standard ANOVA program (section 2.7, Chapter 2). 
In order to determine if the effect of the light intensity on the 
cultivar / race interaction was spread over the entire period of 
uredinial production, the cumulative curves of number of uredinia 
produced by each race were compared. For each light intensity, the 
mean ULD recorded every day was grouped separately by race across the 
four cultivars,and plotted against time after first appearence of 
uredinia until day 14. Since the incubation period to flecking 
differed (1PF) between light levels, the day of first appearence of 
uredinia at each light intensity was treated as day one in these 
graphs. This adjustment permitted the fitting of the curve 
Y i = ßQ + ßix. + ß 2x ? + ß 3x3 +
to the data using the GLIM (NELDER, 1975) program. Within each race, 
comparisons were made between curves developed at different light 
levels using the methods described by SHARMA et a 1 ( 1980).
In the second experiment, urediniospores of race b of the 
fungus were deposited on 100 coverslips of 13 mm diameter placed in a 
Petriplate (with the lid removed) and exposed to direct sunlight for 
2, 5 and 7 hours. The deposition was repeated and the coverslips were 
exposed to either ca 30% or 15% of the total sunlight (Table 6.4). 
The reduction in light intensity was achieved by covering Petriplates 
with a dark green plastic sheet mounted on a metal frame. Under fully 
exposed conditions, the intensity of the light (measured with an Eel 
Master Photoelectric cell) at different times during the day varied 
from ca. 1000 - 1600 jnE m s. The variation in the temperature 
(recorded with a thermohygrograph ) during the period of 
experimentation was between 22 and 34 C. Twenty coverslips were 
removed from each exposure after 2, 5 and 7 hours and kept for 
germination at 20+1 C and 100 uE m s. After 6 hr of incubation the 
germination percentage was recorded from 200 microscope fields. 
Germination assessed on coverslips inoculated with urediniospores, 
exposed to laboratory conditions (20-25 C and 50-80 pE m s )  was used 
as control. The germination percentages (mean) for different 
treatments were compared statistically employing a logistic
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transformation (NELDER, 1975).
6.3 RESULTS
The disease severity induced by the races in the cultivars 
is sensitive to the light intensity of incubation (Tables 6.1 and 
6.2). Incubation period (IPF) was directly, and the numbers of 
uredinia (ULD) inversely, correlated with increasing light intensity 
over the range 100 - 1000 pE s* (Tables 6.1 and 6.2). For the light 
regimes of 100 and 250 the ranking of races for relative
aggressiveness on IPF and ULD is reasonably comparable, however at 
—2 -I1000 pE m s the relative ranking of the races depends on the parameter 
of the disease employed (Table 6.1). In a comparison between light 
intensities the relative aggressiveness of each race is dependant on 
the light intensity of incubation (Table 6.3). Irrespective of the 
parameter, A which is the most aggressive race at 100, is lejs^t 
aggressive at 1000 pE m s. There is also a reversal in relative 
aggressiveness of race D, (the most aggressive race at 250); is least 
aggressive at 100 pE m s ). The relative aggressiveness of race B is 
not greatly affected by the light intensity, however E, which is
intermediate in its aggressiveness at 100 and 1000, is the least
-2 -Iaggressive at 250 pE m s.
The relative ranking of cultivars for resistance within the
-2 —I •light intensities of 100 and 250 pE m s is also independant of the 
parameter (IPF or ULD) used, but again at 1000 pE m s ranking varies 
with the parameter employed. When disease severity is compared
between cultivars at different light intensities the relative 
resistance is light intensity dependant. Regardless of the parameter 
employed for ranking P. x euramericana '1-488', which is the most 
resistant cultivar at 250 is generally relatively less resistant at 
100 and 1000 pE s (Table 6.2). Similarly Pj_ nigra cv. 'evergreen' 
which is the most resistant cultivar at 100, is most susceptible at 
250 pE m s i.e. complete reversal of relative resistance. Cultivars 
P. x euramericana '1-214' and '65/27' are intermediate in relative
resistance at all levels of light intensity.
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TABLE 6.1; Mean aggressiveness of four races of M. lariai-populina, 
on four 'congenial cultivars' of poplar as measured by 
two parameters of disease, at three light intensity 
levels.
!
uCC
100
LIGUf I Mr E NS IT Y 
250
(pE M ‘ S ) 
1000
IPF ULD IPF ULD IPF ULD
A 5.00* 77.45 6.96 11.66 8.34 2.05
B 5.52 28.65 6.64 17.02 7.42 5.35
D 6.37 23.77 6.44 10.00 7.64 3.85
E 5.75 32.18 7.93 2.38 7.35 2.51
Mean 5.66 40.79 6.99 12.77 7.69 4.19
IPF - Incubation period to flecking (days) 
ULD - Uredinia per leaf disc at 14 days 
*Mean of 15 replicates.
TABLE 6.2: Mean resistance of four 'congenial cultivars' of poplar
to four races of A/, lavici-populina, as measured by 
two parameters of disease severity at three light 
intensities.
Cultivar
100
LIGHT INTENSITY
250
-2 -1(UE M S__)
1000
IPF OLD IPF ULD IPF ULD
P. x euramericana
'1-488' 5.25* 32.00 7.68 5.34 8.02 1.38
'1-214' 5.25 63.47 7.09 9.54 8.12 3.62
'65/27' 5.70 36.92 6.63 9.27 7.23 3.68
P. nigra cv. 'evergreen' 6.44 19.76 6.57 26.57 7.34 7.68
Mean 5.66 40.46 6.99 12.77 7.68 4.09
IPF - Incubation period to flecking (days).
ULD - Uredinia per lead disc at 14 days.
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Analysis of variance of the results for IFF and ULD (Table 
6.3) emphasises the importance of the light intensity regime of 
incubation in determining the susceptibility of a cultivar or the 
aggressiveness of a race. The major components of variance; light 
regimes, races and cultivars and, their second and third order 
interactions all differ significantly at P<0.001. Comparisions 
between the means obtained for different light intensity regimes, for 
both the parameters, revealed very highly (P< 0.001) significant 
differences (Table 6.4). If the interactive variances are added to 
the residual variance , the variances due to the major components are 
still very highly significant. For both parameters of the disease, 
the variance due light intensity is very much greater than that due to 
cultivars or races. Similarly the variances of the second order 
interactions involving light intensity are greater than that for the 
cultivar x race interaction (Table 6.3).
The cumulative disease progress curves (uredinia per leaf 
disk per day), for each race across all the cultivars at three light 
intensities, are plotted in fig. 6.1. The curves for race D (mean of
«\ Ifour cultivars) incubated at 100 and 230 jjE m s  and those for race E, 
at 230 and 1000 /j E m2 s' do not differ significantly (P<0.05). For 
each of the remaining comparisons between curves the difference is 
either very highly (P< 0.001) or highly (P <0.0 1) significant. This 
suggests that in a particular .cultivar / race combination, the 
relative resistance of the cultivar or the relative aggressiveness of 
the race is light intensity dependant throughout the period of 
uredinial production.
The percent germination of urediniospores of race B as 
affected by different intensities of sunlight for different durations 
is given in table 6.4. Significant ( P < 0.001) differences due to 
different exposure times and intensities of sunlight were obtained. 
Direct exposure to sunlight for 7 hrs reduced the germination of 
urediniospores from 97.74 (control) to 17.83. However, when exposed 
to 30 and 15% of, the total light passing through green sheets, the 
urediniospores retained germination potential of 54.30 and 60.55%, 
respectively.
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TABLE 6.3: Analysis of variance of two parameters of disease severity,
resulting from the interaction of four cultivars of poplar 
and four races of M. larici-populina at three light 
intensities.
Source of 
Variation d.f.
Variance
IP F ULD (x 103)
Light 2 193.05 77.42
Race 3 7.19 10.49
Cultivar 3 4.12 4.83
Light x Race 6 22.98 13.29
Light x Cultivar 6 22.23 6.15
Race x Cultivar 9 7.87 1.23
Light x Race x 
Cultivar 17 1.74 1.05
Residual 576 0.62 0.23
Total 622 1.84 0.75
All variance ratios are significant at PC0.001
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TABLE 6.4 General mean disease reaction, as measured by
two parameters, for the individual light intensity 
regimes, cultivars and races.
Factors IFF ULD
-2 -1Light intensity (jjE M £ )
100 5.66 40.46
250 6.99 12.77
1000 7.68 4.09
Races of M. tarici-populina
A 6.77 30.39
B 6.53 17.01
D 6.82 15.87
E 7.01 12.36
Cultivars of poplar
P. x euramericana '1-488' 6.98 12.91
P. x euramericana '1-214' 6.82 25.54
P. x euramericana '65/27' 6.52 16.62
P. nigra cv. 'evergreen' 6.78 19.10
Critical Difference at 0.01 
Light regimes
and 0.001
. . IPF
0.17 0.22
ULD
3.22 4.28
Races and cultivars 0.19 0.26 3.72 4.94
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Race A Race B
Race D Race E
13 14
DAYS AFTER INOCULATION
FIGURE 6.1 Cumul a t ive  number o f  u r e d i n i a  per  l e a f  d i s k  induced by 
by four  r a c e s  o f  M. l a r i c i - p o p u l i n a , a ve r a g e d  a c r o s s  
four  ' c o n g e n i a l  c u l t i v a r s '  o f  p o p l a r  i n c u b a t e d  a t  four  
l i g h t  i n t e n s i t i e s  of  100 ( - ■ - ) ,  250 ( - • - )  and 1000 
( - ▼ - )  fjE m2 s 1. Curves  wi t h  d i f f e r e n t  l e t t e r s  and d i f f e ­
r e n t  s u p e r s c r i p t s ,  d i f f e r  s i g n i f i c a n t l y  a t  P < 0 . 0 0 1 ,  
wi t h  d i f f e r e n t  l e t t e r s  and s i m i l a r  s u p e r s c r i p t s  d i f f e r  
s i g n i f i c a n t l y  a t  P 0.01 and t h o s e  wi t h  s i m i l a r  l e t t e r s  
and s u p e r s c r i p t s  do not  d i f f e r  s i g n i f i c a n t l y  a t  P < 0 . 0 5 .
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TABLE 6 . 3  Mean g e r m i n a t  i on  o f  u r e d  i n i o s p o r e s  o f  r a c e  B o f  M_. 1a r i c i -  
p o pu 1 i na  a f t e r  2,  5 and 7 h o u r s  o f  e x p o s u r e  t o  t h r e e  i n t e n ­
s i t i e s  o f  sun l i g h t .
D u r a t i o n
e x p o s u r e
o f
( h r s )
C o n t r o 1+
100
S u n l i g h t *  ( P e r  c e n t )  
c a . 30 c a . 15
2 - 63 . 9 7 5 . 5 2 81 . 7 1
5 - 1 9 . 23a 5 8 . 5 8 6 9 . 4 0
7 9 7 . 7 4 1 7 . 8 3 a 5 4 . 3 0 6 0 . 5 5
-2 -t+ Cover  s l i p s  e x p o s e d  t o  l a b o r a t o r y  c o n d i t i o n s  ( c a .  50 -  60 m s ,  
20-25  C were t r e a t e d  as  c o n t r o l s .
* The i n t e n s i t y  o f  s u n l i g h t  d u r i p g  t h e  p e r i o d  o f  e x p e r i m e n t a t i o n  
v a r i e d  from c a .  1000 -  1600 juE m s'1.
Means marked wi t h  s i m i l a r  l e t t e r s  do no t  d i f f e r  s i g n i f i c a n t l y  a t  
P < 0 . 0 5  and a l l  unmarked means d i f f e r  a t  P < 0 . 0 5 .
6 . 4  DISCUSSION
V a r i a t i o n  in d i s e a s e  s e v e r i t y  due t o  d i f f e r e n c e s  in l i g h t  
i n t e n s i t y ,  o v e r  t h e  r a n g e  o f  100 -  1000 pE m s ,  i s  much more 
s i g n i f i c a n t  t h a n  t h a t  due t o  r a c e s  o r  c u l t i v a r s  u s ed  in  t h e  e x p e r i m e n t  
( T a b l e  6 . 3 ) .  For  b o t h  p a r a m e t e r s  o f  d i s e a s e  s e v e r i t y ,  c u l t i v a r  
r e s i s t a n c e  was p o s i t i v e l y  c o r r e l a t e d  ( T a b l e  6 . 3 )  w i t h  t h i s  v a r i a b l e .  
The i n h i b i t o r y  e f f e c t  o f  h i gh ,  l i g h t  i n t e n s i t y  on g e r m i n a t i o n  o f  
u r e d i n i o s p o r e s  and on g e r m - t u b e  in M. 1a r  i c i - p o p u 1i n a  (OMAR, 1978)  
and s u p p o r t e d  by e x p e r i m e n t  two ( T a b l e  6 . 3 )  h e r e , i s  p r o b a b l y  a p a r t i a l  
e x p l a n a t i o n  f o r  t h e s e  o b s e r v a t i o n s .  The p r e s e n t  r e s u l t s  c o n f l i c t  w i t h  
t h o s e  o f  SPIERS ( 1 9 7 8 )  whi ch  i n d i c a t e d  t h a t  l i g h t  ( u n s p e c i f i e d ) ,  i n  
c o n t r a s t  t o  c o m p l e t e  d a r k n e s s ,  had no e f f e c t  on g e r m i n a t i o n  o f  
u r e d i n i o s p o r e s  o f  two s p e c i e s  o f  Me l a mp s o r a ,  o r  on i n f e c t i o n  o f  l e a f  
d i s k s  o f  Popu Ins  s p p .  by t h e s e  o r g a n i s m s .  P o s s i b l y  t h e  l i g h t  
i n t e n s i t y  empl oyed  in t h o s e  e x p e r i m e n t s  e x p l a i n s  t h i s  c o n f l i c t .  High 
l i g h t  i n t e n s i t y  c a u s e d  r e d u c e d  i n f e c t i o n  o f  wheat  by s t em r u s t  
( P u c c i n i a  g r a m i n i s  f . s p .  t r i t i c i  E r i k s s .  and He n n . )  (HART and 
ZALESKI, 1 9 3 5 ) ,  w h i 1e a l i g h t  i n t e n s i t y  o f  90U f t . c a .  i n h i b i t e d  
f o r m a t i o n  o f  i n f e c t i o n  s t r u c t u r e s  o f  t i n s  o r g a n i s m  on a r t i f i c i a l
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s u b s t r a t e s  (EMGE, 1958) .  KÜCHMAN and BROWN ( 1 9 7 6 a )  o b s e r v e d  d e c r e a s e d  
g e r m i n a t i o n ,  g e r m - t u b e  l e n g t h  and a p p r e s s o r i a l  f o r m a t i o n  o f  t h e  
u r e d i n i o s p o r e s  o f  P.  g r a m i n i s  P e r s .  f . s p .  a v e n a e  Henn.  and E r i k s s .  
and P.  c a r o n a t a  Cd a f . s p .  a v e n a e  E r i k s s .  and Henn.  w i t h  i n c r e a s i n g  
l i g h t  i n t e n s i t i e s  from c a .  30ÜÜ l ux  t o  c a .  11000 l u x .  S i m i l a r l y  
h i g h  l i g h t  i n t e n s i t i e s  r e d u c e d  t h e  g e r m i n a t i o n  of  u r e d  i n i o s p o r e s  o f  _P_^  
g r a m i n i s  t r i t i c i  (GIVAN and BRUMFIELD, 1 9 6 4 b ) ,  and g e r m i n a t i o n  (EYAL 
and PETURSON, 1967) and a p p r e s s o r i a l  f o r m a t i o n  (GIVAN and BROMFIELD, 
1964a)  i n  t h o s e  of  P.  r e c o n d i t a  Rob.  ex Desm. In c o n t r a s t ,  GASSNER 
( 1 9 2 7 )  and JOHNSON ( 1 9 3 1 )  r e p o r t e d  i n c r e a s e d ,  w h i l e  MELANDER ( 1 9 3 5 )  
o b s e r v e d  no e f f e c t  o n ,  s u s c e p t i b i l i t y  o f  wheat  t o  s t em r u s t  w i t h  
i n c r e a s e d  l i g h t  i n t e n s i t y .
At l i g h t  i n t e n s i t i e s  o f  100 and 250 ^uE m s ,  t h e  r a n k i n g  o f  
t h e  r a c e s  f o r  r e l a t i v e  a g g r e s s i v e n e s s  ( T a b l e  6 . 1 )  o r  c u l t i v a r s  f o r  
t h e i r  r e l a t i v e  r e s i s t a n c e  ( T a b l e  6 . 2 ) ,  i s  i n d e p e n d a n t  o f  t h e  d i s e a s e  
p a r a m e t e r  e mp l o y e d .  F u r t h e r  a t  t h e s e  l i g h t  i n t e n s i t i e s  t h e r e  i s  a 
good i n v e r s e  c o r r e l a t i o n  b e t we e n  IPF and ULD; t h i s  o b s e r v a t i o n  i s  
c o n s i s t e n t  w i t h  o t h e r  o b s e r v a t i o n s  ( C h a p t e r  4 and 5)  in l e a f  r u s t  o f  
p o p l a r  and a g r e e s  a l s o  w i t h  t h e  r e l a t i o n s h i p  o b s e r v e d  b e t we en  t h e s e  
p a r a m e t e r s  i n  l e a f  r u s t  o f  b a r l e y  (PARLEVLIET,  1 9 7 5 ) .  However ,  a t  
1000 juE m2 s 1 r e l a t i v e  a g g r e s s i v e n e s s  o f  r a c e s  ( T a b l e  6 . 1 )  o r  r e s i s t a n c e  
o t  c u l t i v a r s  ( T a b l e  6 . 2 )  d e p e n d s  on t h e  p a r a m e t e r  empl oyed  f o r  t h e  
r a n k i n g .  In a d d i t i o n ,  t h e  e x p e c t e d  i n v e r s e  r e l a t i o n s h i p  b e t we e n  IPF 
and ULD i s  l e s s  p r o n o u n c e d  a t  t h i s  l i g h t  i n t e n s i t y  t h a n  a t  100 o r  250
9 - 1  . • . . •
jjE m s .  P o s s i b l y  h i g h  l i g h t  i n t e n s i t y  a f f e c t s  d i f f e r e n t i a l l y  t h e  
p r o c e s s e s  l e a d i n g  t o  t h e s e  two forms  o f  d i s e a s e  e x p r e s s i o n .  A s i m i l a r  
p r o b a b l e  e f f e c t  o f  t e m p e r a t u r e  o f  i n c u b a t i o n  on such p r o c e s s e s  has  
b e e n  p r o p o s e d  p r e v i o u s l y  ( C h a p t e r  4 ) .
In  a c o m p a r i s o n  be t ween  l i g h t  r e g i m e s ,  t h e  o r d e r  o f  t h e  
r a n k i n g  o f  r a c e s  f o r  a g g r e s s i v e n e s s ,  o r  c u l t i v a r s  f o r  r e s i s t a n c e ,  i s  
d e p e n d a n t  on t h e  l i g h t  i n t e n s i t y  o f  i n c u b a t i o n .  The d i f f e r e n t i a l  
n a t u r e  o f  t h e  o v e r a l l  c u l t i v a r  /  r a c e  / l i g h t  i n t e n s i t y  i n t e r a c t i o n  i s  
c o n f i r m e d  by t h e  v e r y  h i g h  l e v e l  o f  s i g n i f i c a n c e  (P 4  0 . 0 0 1 )  o f  t h e  
s e c o n d  and t h i r d  o r d e r  i n t e r a c t i o n s ,  f o r  b o t h  IPF and ULD, i n  t h e  
ANOVA ( T a b l e  6 . 3 ) .  Th u s ,  t h e  i n t e r a c t i o n  o f  c u l t i v a r  /  r a c e s  /  l i g h t
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i n t e n s i t y  r e g i m e s  ch o s e n  h e r e  d e m o n s t r a t e  q u a n t i t a t i v e  r e s p o n s e  i n  
some i n s t a n c e s  w i t h ,  in o t h e r s  w i t h o u t ,  r e v e r s a l  ( SCOTTe t  a 1 . ,  1 9 7 9 ) .  
The s i g n i f i c a n t  d i f f e r e n c e s  b e t we en  t h e  s l o p e s  o f  t h e  c u r v e s  f o r  
c u l t i v a r  /  r a c e  c o m b i n a t i o n s  i n c u b a t e d  a t  t h r e e  l i g h t  i n t e n s i t i e s  
( F i g .  6 . 1 )  s u p p o r t  t h i s  c o n c l u s i o n  and s u g g e s t  t h a t  s uch  d i f f e r e n t i a l  
i n t e r a c t i o n s  o c c u r  t h r o u g h o u t  t h e  p e r i o d  o f  u r e d i n i a l  p r o d u c t i o n .
The s e n s i t i v i t y  t o  l i g h t  i n t e n s i t y  o f  a g g r e s s i v e n e s s  i n  t h e  
r a c e s  o f  M. l a r i c i - p o p u l i n a  and o f  r e s i s t a n c e  among c u l t i v a r s  o f  
P o p u l u s  s p p .  h a s  bo t h  e p i d e m i o l o g i c a l  and e c o l o g i c a l ,  s i g n i f i c a n c e  in  
a way s i m i l a r  t o  t h a t  i n d i c a t e d  f o r  t h e  e f f e c t  o f  t e m p e r a t u r e .  I t  has  
b e e n  s u g g e s t e d  t h a t  t h e  d i f f e r e n t i a l  e f f e c t  o f  t h e  t e m p e r a t u r e  on t h e  
c u l t i v a r  /  r a c e  i n t e r a c t i o n  c o u l d  d i v e r s i f y  t h e  p a t h o g e n  p o p u l a t i o n  
and c o n s e q u e n t l y  l ead  t o  s t a b i l i t y  i n  t h e  h o s t - p a t h o g e n  r e l a t i o n s h i p .  
The d i f f e r e n t i a l  i n t e r a c t i o n  o f  c u l t i v a r  /  r a c e  c o m b i n a t i o n  wi t h  t h e  
l i g h t  i n t e n s i t y  in t h e  p r e s e n t  e x p e r i m e n t ,  s u g g e s t s  a s i m i l a r  p r o b a b l e  
e f f e c t .  The e f f e c t  o f  t h e s e  two v a r i a b l e s  ( t e m p e r a t u r e  and l i g h t  
i n t e n s i t y )  w i l l  become more a p p a r e n t  when t h e i r  i n t e r a c t i o n  i n  t h e  
c u l t i v a r  r e s i s t a n c e  o r  p a t h o g e n  a g g r e s s i v e n e s s  i s  i n v e s t i g a t e d  
( C h a p t e r  7 ) .  The mean IFF i s  r e d u c e d  by c a . two days  and mean ULD 
r e d u c e d  by c a .  t e n  f o l d  when c u l t i v a r  / r a c e  c o m b i n a t i o n s  a r e  
i n c u b a t e d  a t  l i g h t  i n t e n s i t i e s  o f  1000 r a t h e r  t h a n  100 /uE m s .  
I n c r e a s e d  IFF w i l l  d e l a y  t h e  commencement  o f  an e p i d e m i c  and a l s o  
l e n g t h e n  t h e  p e r i o d  f o r  a monocyc l e  i n  an e p i d e m i c .  T h i s  l a t t e r  
e f f e c t ,  t o g e t h e r  w i t h  r e d u c e d  ULD, s h o u l d  s l ow t h e  r a t e  o f  d i s e a s e  
p r o g r e s s  (VAN DER FLANK, 1968)  i n  a h i g h  compar ed  w i t h  a low l i g h t  
i n t e n s i t y .  I t  ha s  been  d e m o n s t r a t e d  t h a t  h i g h  t e m p e r a t u r e  ha s  t h e  
p o t e n t i a l  f o r  a s i m i l a r  e f f e c t  on d i s e a s e  p r o g r e s s  ( C h a p t e r  4 and 5 ) .  
T h u s ,  i n  a r e a s  west  ot  t h e  g r e a t  d i v i d i n g  r a n g e  in  e a s t e r n  A u s t r a l i a ,  
h i g h  l i g h t  i n t e n s i t y  and h i g h  t e m p e r a t u r e s  c o u l d  —act. a d d i t i v e l y  t o  
r e d u c e  t h e  r a t« '  o f  t h e  d i s e a s e  p r o g r e s s  when l e a f  r u s t  in p o p l a r  i s  
r e c o r d e d  i n i t i a l l y  in mi d - s umme r .  Low r a t e s  o f  d i s e a s e  i n c r e a s e  have  
b e e n  n o t e d  in  t h e s e  a r e a s  u n d e r  t h e s e  c o n d i t i o n s  (HEATHER, u n p u b l i s h e d  
d a t a ) .  P o p l a r s  a r e  v e r y  s e n s i t i v e  t o  the. day  l e n g t h  (ANON, 1958)  
h e n c e  d u r a t i o n  o f  l i g h t  as  we l l  as  i t s  i n t e n s i t y  may h ave  some e f f e c t  
on t h e  r e s i s t a n c e  e x p r e s s i o n  by some c u l t i v a r s  t o  l e a f  r u s t .  C e r t a i n  
o b s e r v a t i o n s  made on a g r i c u l t u r a l  c r o p s  s u p p o r t  t h i s  s u g g e s t i o n .
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UMAERUS ( 1 9 5 9 )  found t h a t  t h e  p o t a t o  c u l t i v a r  ' A l p h a '  e x p r e s s e d  a h i g h  
l e v e l  o f  p a r t i a l  r e s i s t a n c e  t o  l a t e  b l i g h t  u n d e r  l ong  day  c o n d i t i o n s  
i n  t h e  n o r t h e r n  U . S . A . ,  bu t  became s u s c e p t i b l e  when grown u n d e r  s h o r t  
day  c o n d i t i o n s  in Mex i co .  S i m i l a r l y  o a t s  were  r e n d e r e d  more r e s i s t a n t  
t o  powdery  mi l de w when e x p o s e d  t o  l ong  day o r  h i g h e r  l i g h t  i n t e n s i t y  
p r i o r  t o  i n o c u l a t i o n  (JONES,  1 9 7 5 ) .  E x p e r i m e n t s  u n d e r  f i e l d  
c o n d i t i o n s  t o  d e t e r m i n e  t h e  s e p a r a t e  e f f e c t s  o f  t h e  i n t e n s i t y  and t h e  
d u r a t i o n  o f  l i g h t  on t h e  s e v e r i t y  o f  l e a f  r u s t  i n  p o p l a r  w i l l  r e q u i r e  
c a r e f u l  d e s i g n  to  a v o i d  c o n c o m i t a n t  c h a n g e s  in t e m p e r a t u r e .
-2 . - II n t e n s i t i e s  o f  s u n l i g h t  ca . 1500 juE rfi s a c t i n g  d i r e c t l y  on 
t h e  u r e d i n i o s p o r e s  o f  t h e  r u s t  even  f o r  s h o r t  p e r i o d s  r e d u c e  t h e i r  
g e r m i n a t i o n  p o t e n t i a l  s i g n i f i c a n t l y .  However  t h i s  e f f e c t  i s  
c o n s i d e r a b l y  l e s s e n e d  when t h e  i n t e n s i t y  o f  t h e  s u n l i g h t  i s  d e c r e a s e d  
and t h e  q u a l i t y  o f  t h e  l i g h t  c h a nged  by p a s s i n g  t h e  l i g h t  t h r o u g h  a 
g r e e n  p l a s t i c  p a p e r .  G e r m i n a t i o n  p o t e n t i a l  o f  t h e  u r e d i n i o s p o r e s  i s  
i n v e r s e l y  r e l a t e d  t o  t h e  i n t e n s i t y  o f  t h e  sun l i g h t  t o  whi ch  t h e y  a r e  
e x p o s e d  ( T a b l e  6 . 5 ) .  A s i m i l a r  c o n c l u s i o n  was r e a c h e d  by MADDISON and 
MANNERS ( 1 972 ) w i t h  P.  s t r i f o r m i s  West . and P.  r e c o n d i t a , and 
v a r i a t i o n s  i n  i n t e n s i t y  o f  s u n l i g h t  i n  E n g l a n d .  E x p o s u r e  o f  
u r e d i n i o s p o r e s  o f  M. l a r i c i - p o p u l i n a  f o r  6 h r s  t o  h i g h  i n t e n s i t y  o f  
s u n l i g h t  ( 1700 juE m2 s* ) and h i g h  t e m p e r a t u r e  ( 3 8  C, m e a s u r e d  i n  d i r e c t  
s u n l i g h t ) ,  r e s u l t e d  i n  t h e  d e a t h  o f  t h e  s p o r e s  ( CHANDRASHEKAR, 
u n p u b l i s h e d  d a t a ) .  CHITZAN1DIS and VAN ARSDEL ( 1 9 7 0 )  r e p o r t e d  d e a t h  
o f  u r e d i n i o s p r e s  o f  M. medus ae  a f t e r  3 h r s  a t  35 C and c o n c l u d e d  t h a t  
n i g h  t e m p e r a t u r e  p r e v e n t s  t h e  s p r e a d  o f  t h i s  f u n g u s .
I n t e n s i t i e s  o f  sun l i g h t  i n  f u l l y  e x p o s e d  a r e a s  i n  C a n b e r r a  
t h r o u g h o u t  t h e  y e a r  v a r y  1 rom 50 -  2000 /^uE m* s*, however  a maximum 
i n t e n s i t y  o f  2000 jjE m2 s* wi t h  a t e m p e r a t u r e  r a n g e  o f  c a .  20- 35  C i s  
common in t h e  l a t e  s p r i n g / s u m m e r  mont hs  i . e . ,  d u r i n g  t h e  p e r i o d  when 
t h e  l e a f  r u s t  due t o  M. 1a r i c i - p o p u 1 i n a  i s  p r e v a l e n t .  Thus h i g h  
l i g h t  i n t e n s i t i e s  a r e  a s s o c i a t e d  w i t h  h i g h  t e m p e r a t u r e s .  Under  t h e s e  
c o n d i t i o n s  t h e  p r e d i s p o s i t i o n  o f  t h e  h o s t  and t h e  m i c r o c l i m a t e  o f  t h e  
l e a f  s u r f a c e  wi l l  be t h e  key f a c t o r s  in t h e  occui^e'nce o f  t h e  l e a f
r u s t  .
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The d i f f e r e n t i a l  n a t u r e  o f  c u l t i v a r  /  r a c e  i n t e r a c t i o n  t o  
i n d i v i d u a l  e f f e c t s  o f  t e m p e r a t u r e  ( C h a p t e r  4 )  and l i g h t  i n t e n s i t y  
( C h a p t e r  6)  a r e  f u r t h e r  exami ned  in  an e x p e r i m e n t  i n v o l v i n g  c o n c u r r e n t  
v a r i a t i o n  in t e m p e r a t u r e  and l i g h t  i n t e n s i t y  ( C h a p t e r  7 ) .  T h i s  
p e r m i t s  a more r e a l i s t i c  a s s e s s e m e n t  o f  t h e  i mpac t  o f  t h e s e  
e n v i r o n m e n t a l  f a c t o r s  on t h e  e p i d e m i o l o g y  o f  t h e  l e a f  r u s t  i n  p o p l a r .
CHAPTER 7
INTERACTION OF POST-INOCULATION TEMPERATURE AND LIGHT INTENSITY IN THE 
RESISTANCE OF POPLAR CULT IVARS TO RACES OF M^ l a r i c  L - p o p u 1i na
7.1 INTRODUCTION
In t h e  s e r i e s  o f  e x p e r i m e n t s  c o n d u c t e d  t o  i n v e s t i g a t e  t h e  
s e p a r a t e  e f f e c t s  o f  c e r t a i n  e n v i r o n m e n t a l  v a r i a b l e s  such as  
t e m p e r a t u r e  and l i g h t  i n t e n s i t y  i t  was found t h a t  t h e  c u l t i v a r  /  r a c e  
c o m b i n a t i o n  i n t e r a c t s  d i f f e r e n t i a l l y  w i t h  t h e s e  v a r i a b l e s .  The 
d i s e a s e  s e v e r i t y  i n  any c u l t i v a r  /  r a c e  c o m b i n a t i o n  was d e p e n d a n t  on 
t h e  t e m p e r a t u r e  o f  c u l t u r e  o f  p l a n t s ,  and t e m p e r a t u r e  and l i g h t  
i n t e n s i t y  o f  i n c u b a t i o n  ( C h a p t e r  5,  4 and 6 r e s p e c t i v e l y ) .  The 
d i f f e r e n t i a l  n a t u r e  o f  c u l t i v a r  /  r a c e  i n t e r a c t i o n  w i t h  t e m p e r a t u r e  
and w i t h  l i g h t  i n t e n s i t y  was p r o p o s e d  as  a p a r t i a l  e x p l a n a t i o n  f o r  t h e  
s t a b i l i t y  o f  t h e  r e s i s t a n c e  i n  c u l t i v a r s  of  p o p l a r  in n a t u r a l  s t a n d s  
t o  t h i s  l e a f  r u s t  ( C h a p t e r  4 and 6 ) .
COLHOUN ( 1 9 7 3 )  s u g g e s t e d  t h a t  t h e  s t u d y  o f  t h e  e f f e c t s  o f  
i n d i v i d u a l  f a c t o r s  can be t h e  f i r s t  s t e p  i n  u n d e r s t a n d i n g  t h e  
i n f l u e n c e  o f  t h e  e n v i r o n m e n t  on t h e  i n c i d e n c e  o f  c r o p  d i s e a s e s .  Yet 
i f  an a n a l y s i s  o f  such  f a c t o r s  i s  t o  be m e a n i n g f u l  i n  r e l a t i o n  t o  
f i e l d  c o n d i t i o n s  i t  i s  n e c e s s a r y  t o  d e s i g n  e x p e r i m e n t s  t h a t  w i l l  
i n v o l v e  v a r i o u s  l e v e l s  o f  a number  o f  f a c t o r s .  In a l i m i t e d  number  o f  
s t u d i e s  t h e  i n t e r a c t i o n  o f  f a c t o r s  s uch  a s  s o i l  m o i s t u r e  and 
t e m p e r a t u r e  (MUSKETT, 1937) ,  s o i l  pH, s o i l  m o i s t u r e ,  t e m p e r a t u r e  and 
s p o r e  l oad  (COLHOUN, 1933;  1 9 6 1 ) ,  l e v e l s  o f  t e m p e r a t u r e ,  i nocu l um 
c o n c e n t r a t i o n  and l e a f  w e t n e s s  (ROTEM, et  a l . ,  1971)  on d i s e a s e  
d e v e l o p m e n t  have  been i n v e s t i g a t e d .  A l t h o u g h  t h e  d e s i r a b i l i t y  o f  s uch  
s t u d i e s  e m p l o y i n g  c o n c u r r e n t  v a r i a t i o n s  o f  e n v i r o n m e n t a l  f a c t o r s  ha s  
b e e n  e m p h a s i s e d ,  s p e c i f i c  r e p o r t s  on i n t e r a c t i o n  o f  t e m p e r a t u r e  and 
l i g h t  i n t e n s i t y  in h o s t  r e s i s t a n c e  a r e  n o t  a v a i l a b l e .  In t h e  f i e l d  
p h y s i c a l  f a c t o r s  o f  t h e  e n v i r o n m e n t  v a r y  c o n c u r r e n t l y  he n c e  t h e
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individual effects of temperature and light intensity that have been 
observed previously (Chapter 4, 5 and 6) have only limited value for 
epidemiological extrapolation.
The present Chapter describes the results of an 
investigation in which post-inoculation light intensity (two levels) 
and temperature (two levels) were varied concurrently.
7.2 MATERIALS AND METHODS
The investigation involved two experiments. In experiment 
one, inoculated leaf disks were exposed to natural weather conditions, 
while in experiment two the leaf disks were incubated under controlled 
environmental conditions.
The standard procedures for maintenance of cultivars and 
races of the fungus were followed as before (section 2.2 and 2.4, 
Chapter 2). Four cultivars of poplar P. x euramericana '1-488', 
'1-214', '65/27' and P. nigra cv. 'evergreen' and three races of M. 
1arici-populina, designated A, B and D, were employed in the 
investigation. Fifteen leaf disks (1.76 cm), cut from surface 
sterilized leaf samples of each cultivar, were inoculated (abaxial 
face) with 5 mg of urediniospores of each race of the fungus in a 
spore settling tower. Inoculations were repeated to obtain sufficient 
disks for incubation at all desired environmental conditions.-
In the first experiment, inoculated leaf disks (four 
cultivars inoculated separately with three races of the fungus) were 
floated on 10 ppm gibberellic acid solution and incubated under field 
conditions. The replidishes containing the leaf disks were covered 
with a structure similar to a miniature glasshouse made out of 
acryslute (double skinned acryllic sheet reinforced with structural 
ribs) for protection from wind and rain. Enclosure with acryslute 
reduced the light intensity by ca . 20-30 per cent depending on the 
time of the day, however it did not alter significantly the 
temperature as there was adequate ventilation. Temperature 
fluctuations were recorded with a thermohygrograph. The range of
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t e m p e r a t u r e  d u r i n g  t h e  p e r i o d  o f  e x p e r i m e n t a t a i o n  was b e t we en  c a . 5  C 
a t  n i g h t  and 38 C d u r i n g  t h e  d a y .  The i n t e n s i t y  o f  l i g h t  was me as u r ed  
u s i n g  a Eel  l i g h t  m a s t e r  P h o t o e l e c t i c  c e l l  t h r e e  t i m e s  a day (9  am, 1 
and 3 pm) .  G e n e r a l l y  t h e  mean i n t e n s i t y  o f  l i g h t  was h i g h e s t  a t  1 pm, 
i n t e r m e d i a t e  a t  9 am and l o wes t  a t  5 pm. The t e m p e r a t u r e  a l s o  r e a c h e d  
a d a i l y  maximum a p p r o x i m a t e l y  be t we e n  1 and 2 pm. Due t o  h i g h  
t e m p e r a t u r e  and l i g h t  i n t e n s i t y  t h e r e  was r a p i d  e v a p o r a t i o n  o f  
g i b b e r e l l i c  a c i d  s o l u t i o n  from t h e  r e p l i d i s h e s  and t h i s  was c o n s t a n t l y  
r e p l e n i s h e d .
In t h e  s ec ond  e x p e r i m e n t  t h e  i n o c u l a t i o n  was c a r r i e d  o u t  as  
b e f o r e  b u t  t h e  d i s h e s  were  i n c u b a t e d  a t  c o m b i n a t i o n s  o f  t e m p e r a t u r e  
and l i g h t  i n t e n s i t y  u n d e r  c o n t r o l l e d  c o n d i t i o n s ,  whi ch  f o r  b r e v i t y  a r e  
r e f e r r e d  to  as  i n  t a b l e  7 . 1 .
TABLE 7.1 D e s i g n a t i o n  in t e x t  
i n t e n s i t y  r e g i m e s .
o f  c o m b i n a t i o n o f  t e m p e r a t u r e  and
T e m p e r a t u r e  (C) • • • —2. -(L i g h t  i n t e n s i t y  (pE m s )
50 200
13 ± 1 l o w - 1ow 1o w- h i gh
24 + 1 h i g h - l o w h i g h - h i g h
The e x p e r i m e n t  was t e r m i n a t e d  on day  14, a f t e r  i n o c u l a t i o n ,  
when t h e  u r e d i n i a l  numbers  p e r  l e a f  d i s k  c e a s e d  t o  i n c r e a s e .  D i s e a s e  
s e v e r i t y  was d e t e r m i n e d  u s i n g  t h e  fol lowing p a r a m e t e r s .  1.  I n c u b a t i o n  
p e r i o d  ( d a y s )  f rom i n o c u l a t i o n  t o  f l e c k  p r o d u c t i o n  ( I F F )  2.  U r e d i n i a  
p e r  l e a f  d i s k  (ULD) a s s e s s e d  d a i l y  from t h e i r  f i r s t  a p p e a r e n c e  u n t i l  
t e r m i n a t i o n  o f  t h e  e x p e r i m e n t .  3.  Mean number  o f  u r e d i n i o s p o r e s  
p r o d u c e d  p e r  mm o f  l e a f  a r e a  (USM) was d e t e r m i n e d  a t  t h e  t e r m i n a t i o n  
o f  t h e  e x p e r i m e n t ,  u s i n g  a h a e m o c y t o m e t e r  and t h e  me t h o d s  o f  SHARMA
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and HEATHER (1979a).
Employing the procedures described earlier (section 2.7, 
Chapter 2) the results wore subjected to analysis of variance to 
partition the total variance into that due to major factors and that 
due to their various orders of interaction.
7.3 RESULTS
Observations on the leaf disks inoculated and exposed to 
natural variation in temperature and light intensity, revealed no 
visible symptoms of infection in any cultivar / race combination even 
after 20 days of incubation. Following this, some replicates of each 
cultivar / race combination were removed to incubators maintained at 
201 1 and ca . 100 [iE mZ s' with 16 h photoperiod. Disease development 
did not occur even after a further month, either on the leaf disks 
transferred to the congenial conditions or on the remaining 
replications exposed to natural conditions. In order to determine 
whether the effect of exposure to the natural conditions is on pre- or 
post-germination phenomena a separate experiment was conducted. Leaf 
disks of P. x euramericana '1-488' were inoculated with race A, 
incubated at congenial conditions (2011 and 100 jjE m2 s1) for two days 
i.e. sufficient time for penetration to have occurred and then 
exposed to the influence of natural conditions. Here again there was 
no development of disease.
In experiment two, in which cultivar / race combinations 
were incubated under certain constant temperature / light intensity 
conditions, the disease severity was rated on the three parameters and 
is summarised by races (Table 7.2) and by cultivars (Table 7.3). 
Casual examination of these results indicates that mean aggressiveness 
of races and mean susceptibility of cultivars for the temperature / 
light regimes and indeed the relative aggressiveness of races and 
relative susceptibility of cultivars within a regime depends, to a 
degree, on the parameter used to assess disease severity. The results 
for ULD, analogous to uredinia per unit area, a commonly used 
parameter of disease severity, demonstrate that the mean
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aggressiveness of races and mean susceptibility of cultivars is lowest 
at high - high, and highest in the low-low, temperature / light 
intensity regime respectively. However, this relationship varies when 
other parameters (IFF and USM) are used to assess the disease 
severit y.
Ranking (basis ULD) of races for their relative 
aggressiveness, within a particular combination of temperature and 
light, reveals that A is the most aggressive race on the low-low but 
the least aggressive on all other temperature / light intensity 
regimes. D, relatively the most aggressive race at low-high and 
high-high combination is least aggressive on the low-low and 
intermediate on the high-low regimes (Tables 7.2). Thus, for these 
two races there is a clear interaction of temperature and light 
intensity at 15 but not at 24 C. In contrast relative aggressivess of 
race B, incubated at 15 C, shows no evidence of temperature/1ight 
interaction while at 24 C there is a limited degree of such 
interaction. P. x euramericana '1-488' is relatively the most 
susceptible (ULD) cultivar on the low-low and high-low, less 
susceptible at the low - high and the most resistant on the high-high 
regime. Thus this cultivar demonstrates an interactive effect of 
temperature and light intensity (complete reversal of relative 
susceptibility) at 24 C. Except on the high-high regime, P. x 
euramericana '65/27' is the most resistant cultivar at all couplings 
of temperature and light intensity. Irrespective of the 
temperature/1ight regime, cultivar P. x euramericana'1-214' is always 
more resistant than P. nigra cv. 'evergreen' and there is no evidence 
of significant temperature light interaction in the rating on ULD for 
either of these cultivars.
For most parameters (USM for temperature excepted) the 
variances due to the major components, their second, most of the 
third, and one (ULD) of the fourth order interactions between them 
were significant at P<0.05 or beyond when tested against residual 
variance (Table 7.4). When the means (for all the parameters) 
obtained for each temperature or light intensity regime were compared, 
the differences were very highly (P< 0.001) or highly (P<0.01)
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TABLE 7.4: Analysis of variance of three parameters of disease
intensity, resulting from the interaction of four poplar 
cultivars and three races of M, larici-populina incubated
at two temperatures and two light intensities •
Source of variation d.f. IPF ULD
(xlO2)
USM^ 
(xlO ;
Temperature 1 334.88 68.09 21.22 NS
Light 1 28.55 118.60 392.40
Race 2 14.89 39.45 212.16
Cultivar 3 1.53 44.14 90.48
Temp x Light 1 60.21 58.53 574.32
Temp x Race 2 6.56 64.53 57.57
Temp x Cultivar 3 2.90 7.23 6.60 NS
Light x Race 2 2.51 152.28 30.00**
Light x Cultivar 3 0.51 10.82 37.05
Race x Cultivar 6 2.32* 10.11 17.38*
Temp x Light x Race 2 4.08 77.08 187.95
Temp x Light x Cultivar 3 0.40 NS 7.04 18.08*
Temp x Race x Cultivar 6 0.74 7.23 6.07 NS
Light x Race x Cultivar 6 1.63 10.12 2.57 NS
Temp x Light x Race x Cultivar 6 0.35 NS 8.90 9.30 NS
Residual 613 0.19 1.43 6.85
Total 660 1.08 3.63 24.21
All the unmarked variance ratios are significant at p<0.001. 
**Significant at p<0.01.
^Significant at p<0.05.
NS - non significant.
//Residual and total d.f. were 90 and 137 respectively.
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TABLE 7.5 General mean disease reaction due to each level 
of temperature, light intensity, individual 
cultivars and races, as measured by three 
parameters of disease severity.
Factors IPF ULD USM
Temperature (C)
15 6.67 29.91 616.42
24 5.12 23.01 684.01_2 _1
Light intensity (yEM S )
50 5.68 30.99 815.88
200 6.10 21.93 349.55
Races of M. larici-populina
A 6.25 22.76 405.25
B 5.67 31.11 815.38
D 5.76 25.68 723.93
Cultivars of poplar
P. x euramericana '1-488' 5.91 31.14 796.20
P. x euramericana '1-214' 5.79 30.69 718.52
P. x euramericana '65/27' 5.87 27.00 610.71
P. nigra cv. 'evergreen' 5.98 24.67 441.20
Critical Difference at 0.01 and O.i001 probability
IPF ULD USM
Temperature and light
regimes 0.07 0.09 2.07 2.75 45. 29 60.24
Races 0.09 0.12 2.76 3.68 55. 29 73.77
Cultivars 0.11 0.15 3.69 4.91 63.95 85.17
.10 7
d i f f e r e n c e s  were o b t a i n e d  f o r  c o m p a r i s o n s  b e t we e n  t h e  means  (1PF and 
ULD) o f  t h e  c u l t i v a r s  ( T a b l e  7 . 5 ) .  Fo r  IFF t h e  d e g r e e  o f  v a r i a n c e  
c o n t r i b u t e d  by t e m p e r a t u r e  t o  t h e  t o t a l  v a r i a n c e  was f a r  g r e a t e r  t h a n  
t h a t  due t o  any o t h e r  of  t h e  m a j o r  v a r i a b l e s  o r  t h e i r  i n t e r a c t i o n s .  
S i m i l a r l y ,  o f  t h e  m a j o r  co mp o n e n t s  l i g h t  i n t e n s i t y  c o n t r i b u t e d  t h e  
h i g h e s t  v a r i a n c e  f o r  t h e  p a r a m e t e r s  ULD and USM. For  IPF and USM t h e  
i n t e r a c t i o n  o f  t e m p e r a t u r e  and l i g h t  i n t e n s i t y  p r o d u c e d  more v a r i a n c e  
t h a n  t h e  c o u p l i n g  o f  o t h e r  m a j o r  v a r i a b l e s .
7 . 4  DISCUSSION
L e a f  d i s k s  o f  ' c o n g e n i a l  c u l t i v a r s '  o f  p o p l a r  i n o c u l a t e d  
w i t h  M. l a r i c i - p o p u 1 i n a , m a i n t a i n e d  i n  r e p l i d i s h e s  and e x p o s e d  t o  t h e  
n a t u r a l  v a r i a t i o n s  i n  e n v i r o n m e n t a l  f a c t o r s  ( t e m p e r a t u r e  and l i g h t  
i n t e n s i t y )  o c c u r r i n g  in  C a n b e r r a ,  were  n o t  i n f e c t e d .  High
t e m p e r a t u r e s  ( u p t o  38 C i n  d i r e c t  s u n l i g h t )  and l i g h t  i n t e n s i t i e s  ( c a .  
2000 uE m s )  r e c o r d e d  d u r i n g  t h e  p e r i o d  o f  e x p e r i m e n t a t a i o n , p r o b a b l y  
d i d  not  p e r m i t  u r e d i n i o s p o r e  g e r m i n a t i o n  and i n d e e d  a p p a r e n t l y  k i l l e d  
t h e  s p o r e s .  When u r e d i n i o s p o r e s  were  e x p o s e d  t o  s i m i l a r  t e m p e r a t u r e  
and l i g h t  i n t e n s i t y  r e g i m e s  f o r  6 h r s ,  s p o r e s  were  no t  v i a b l e  
( CHANDRASHEKAR, u n p u b l i s h e d  d a t a ) .  T h i s  a g r e e s  wi t h  t h e  
o b s e r v a t i o n  o f  CHITZANIDS and VAN ARSDEL ( 1 9 7 0 )  t h a t  u r e d i n i o s p o r e s  o f  
M. medusae  were  k i l l e d  a f t e r  3 h r s  a t  35 C.  OMAR ( 1 9 7 8 )  r e p o r t e d  
t h a t  l e a f  d i s k s  o f  P.  x e u r a m e r i c a n a  ' 1 - 4 8 8 '  i n o c u l a t e d  w i t h
l a r i c i -  p o p u l i n a  and i n c u b a t e d  a t  16+1 C, g e r m i n a t i o n  and p e n e t r a t i o n  
o c c u r r e d  w i t h i n  30 min a f t e r  i n c u b a t i o n .  In an e x p e r i m e n t ,  i n  which 
i n o c u l a t e d  l e a f  d i s k s  o f  P.  x e u r a m e r i c a n a  ' 1 - 4 8 8 '  w i t h  r a c e  A, 
i n c u b a t e d  a t  c o n g e n i a l  c o n d i t i o n s  f o r  two d a y s  b e f o r e  e x p o s i n g  t o  
n a t u r a l  c o n d i t i o n s ,  no d i s e a s e  was o b s e r v e d  even  a f t e r  l ong  p e r i o d s  of  
i n c u b a t i o n .  I t  i s  no t  p o s s i b l e  t o  s u g g e s t  w h e t h e r  t h e  f u n g u s  a f t e r  
p e n e t r a t i o n  was k i l l e d  or  i n a c t i v a t e d .  However ,  i t  would  seem l i k e l y  
t h a t  i t  was k i l l e d  as  t h e  t e m p e r a t u r e  and t h e  l i g h t  i n t e n s i t y  
e x p e r i e n c e d  by t h e  l e a f  d i s k s  were  w e l l  above  t h e  o p t i m a l  (15  -  25 C) 
r a n g e  f o r  M. l a r i c i - p o p u l i n a . Th i s  s u g g e s t s  t h a t  t h e  e f f e c t  o f
h i g h e r  t e m p e r a t u r e  and l i g h t  i n t e n s i t y  a r e  d e t r i m e n t a l  t o  t h e
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post-penetration phenomenon also.
The resistance (parameters ULD and USM) of the cultivars was 
highest and the aggressiveness of the races was lowest when the 
cultivar / race combinations were incubated at high temperature (24 C) 
and high light intensity (200 /uE m2 s) (Table 7.2 and 7.3). These 
results agree with the previous reports of the independent effects of 
temperature (Chapter 4 and 3) and light intensity (Chapter 6) on 
cultivar resistance and aggressiveness of races. SPIERS (1978) 
reported a similar decrease in susceptibility of certain poplar 
cultivars to this rust when the host / pathogen complex was incubated 
at 23 rather than at 20 C or lower. In contrast studies on cereal 
rusts (TENG and CLOSE, 1978; EVERSMEYER, et al., 1980; JOHNSON, 1980) 
demonstrate reduction in latent period (indicative of increased 
susceptibility) with increasing temperature from ca. 10 to ca. 25 C.
The relative mean rating of the cultivar / race interaction 
for various combinations of temperature and light intensity (low-low, 
low-high, high-low and high-high) depends to a degree on the parameter 
employed to assess disease intensity (Table 7.2 and 7.3). This 
suggests that the temperature and light combinations affect 
differentially the processes causing different forms of symptom 
expression. Within each combination of temperature and light 
intensity, IPF is inversely correlated with ULD (Table 7.3). This 
agrees with the earlier observations for leaf rust of poplar (Chapter 
4 and 6) and of barley (PARLEVLIET, 1975). However, when IPF and ULD 
are averaged across cultivars and races, and compared between 
different couplings of temperature and light levels, mean IPF is 
longest (6.79 days) and mean ULD highest (31.49) in leaf disks 
incubated on the low-low regime. Again this indicates that the 
interaction of temperature and light intensity affects differentially 
the processes leading to these two forms of disease expression. A 
similar result due to the individual effect of temperature and light 
intensity has already been recorded (Chapter 4 and 6). The relative 
value of the variances of temperature and light intensity for IPF, ULD 
and USM in the ANOVA (Table 7.4) supports further this suggestion.
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The mean resistance of cultivars and mean aggressiveness of
races is pronouncedly light intensity dependant at 15 but not at 24 C.
The relative aggressiveness of certain races and relative resistance
of particular cultivars is dependent also on the combination of
temperature and light intensity of incubation. For instance A, which
on most parameters, is the most aggressive race on the low-low, is the
least aggressive on the low-high regime. A comparable reversal of
relative agressiveness is evident for race D at these temperature /
light combinations. These reversals are associated with a change in
- 2  —Ilight intensity from 50 to 200 juE m s in the same constant temperature 
regime (15 C). The ranking of some cultivars for their relative 
resistance indicates reversal in their response also, e.g. P. x 
euramericana '1-488', the most susceptible cultivar (on all the 
parameters) at the low-low is the most resistant (on most parameters) 
at the high-high combination. Thus for these couplings of temperature 
and light intensity these cultivar / race combinations demonstrate 
quantitative interaction with reversal (SCOT etal . , 1979 ).
Incubation period to flecking (IFF) shorter than five days 
has not been recorded previously for any cultivar / race combination 
in poplar rust (Chapter 3, 4, 5 and 6). However in the high-low
combination a mean IFF of 4.57 days was recorded while the IPF 
observed in the high-high coupling was 5.66 days, i.e., the higher 
light intensity causes an increase of ca. one day in IFF. In 
constrast at an incubation temperature of 15 C light intensity has no 
significant effect on IFF. Thus, as demonstrated in the ANOVA, 
temperature and the light interact in determining IPF but this 
interaction is particularly pronounced at certain temperature / light 
combinations. As indicated previously (Chapter 5) this has 
considerable epidemiological significance, since IPF is a major factor 
determining the onset of the epidemic and the number of monocycles per 
unit time in an epidemic.
The results of experiment two clearly demonstrate that the 
interaction of temperature and light, intensity on disease expression 
in poplar to leaf rust, is differential. However, the disease
expression in the high-high combination for most of the parameters
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( ULD and USM), i n d i c a t e s  a d e g r e e  o f  a d d i t i v e  e f f e c t s  a l s o ,  f o r  t h e  
t e m p e r a t u r e  and l i g h t  c o m b i n a t i o n s  a t  h i g h e r  l e v e l s .  T h i s  r e s e m b l e s  
t h e  o b s e f v a t i o n  made i n  e x p e r i m e n t  one r e p o r t e d  h e r e ,  i n  wh i ch  c u l t i v a r  
/  r a c e  c o m b i n a t i o n s  e x p o s e d  to  n a t u r a l  c o n d i t i o n s  o f  h i g h  t e m p e r a t u r e  
and l i g h t  i n t e n s i t y  d i d  not  d e v e l o p  u r e d o s o r i  , a l t h o u g h  i t  i s  l i k e l y  
t h a t  i n  t h e  l a t t e r  e x p e r i m e n t  t h e  e f f e c t  o f  t e m p e r a t u r e  c o u l d  be 
o v e r r i d i n g  t h a t  due t o  l i g h t  i n t e n s i t y  as  r e p o r t e d  by CHITZANIDIS and 
VAN ARSDEL ( 1970)  t o  o c c u r  wi t h  m e d u s a e .
C u l t i v a r s  o f  p o p l a r  s e l e c t e d  f o r  h i g h  r e s i s t a n c e  t o  l e a f  
r u s t  in l o c a t i o n s  s uch  as  in C a n b e r r a  whi ch  e x p e r i e n c e  h i g h  
t e m p e r a t u r e  and l i g h t  i n t e n s i t y  d u r i n g  t h e  g r o wi n g  s e a s o n ,  may not  
p e r f o r m  e q u a l l y  we l l  i n  o t h e r  l o c a t i o n s .  For  exampl e  t h e  n o r t h - c o a s t  
o f  New S ou t h  Wales  i s  a m a j o r  p o p l a r  p l a n t i n g  a r e a  bu t  h e r e  t h e  h i g h  
t e m p e r a t u r e s  o f  summer a r e  l i k e l y  t o  be combi ned  w i t h  l o we r  l i g h t  
i n t e n s i t i e s  t h a n  t h o s e  in C a n b e r r a .  T h i s  i s  a c o n s e q u e n c e  o f  t h e  
c l o u d i n e s s  a s s o c i a t e d  w i t h  t h e  wet  s e a s o n  in t h e s e  a r e a s .
The i n d i v i d u a l  and i n t e r a c t i v e  e f f e c t  o f  t e m p e r a t u r e  and 
l i g h t  i n t e n s i t y  on d i s e a s e  i n d u c t i o n  and t h e i r  i m p l i c a t i o n s  i n  t h e  
d i s e a s e  r e s i s t a n c e  i n  n a t u r a l  and a r t i f i c i a l  s t a n d s  a r e  d i s c u s s e d  i n  
some d e t a i l  C h a p t e r  8 .
CHAPTER 8
GENERAL DISCUSSION
8.1 INTRODUCTION
Melampsora leaf rusts are of considerable concern in areas 
where members of Aigeiros section (black poplars) and their hybrids 
are planted as exotics. This is particularly so in southern 
hemisphere where Aigeiros poplars are planted often in latitudes lower 
than those of their native occurrences (PRYOR and WILLING, 1965). 
Poplar plantations in Brazil, Peru and South Africa are established at 
latitudes of 20 - 30° S and sometimes lower than 20° S. In Australia 
poplars for commercial purposes are planted at about 29° S. It has 
been reported that disorganisation of growth rhythm and unsatisfactory 
growth of poplar results wtien they are planted in latitudes lower than 
30° (PRYOR and WILLING, 1965). The environment of the lower latitudes 
appear to favour the leaf rust development in certain cultivars of 
poplar (CASTELLANI, 1966). The results reported in this thesis make 
some contribution to the understanding of the role of certain 
environmental variables in the epidemiology of the leaf rust disease.
The recognition of racial specialisation in M . 
larici-populina facilitated the investigation of cultivar / race 
interaction. Despite the artificiality and limited ambit of 
experiments under controlled conditions they permit recognition of the 
fundamental reactions occurring in the host-pathogen-environment 
system. While extrapolation from such experiments must be made with 
caution, atleast one is reasoning from a base supported by sound 
experimentation. Further, with poplar the relative massiveness of the 
host makes field investigation of such fundamental features almost 
impossible and even glass house experiments very difficult.
For brevity and ease of presentation this discussion is 
partitioned into sections from which tentative implications for future
112
poplar cultivation have been drawn.
8.2 CONCEPTS AND CONTROVERSIES IN DISEASE RESISTANCE
The terminology of the literature on host-parasite 
interaction is not uniform and consequently confusing (ROBINSON,
1976) . The variety of relationships observed in such parasitism, the 
interpretations placed on them by different workers and the number and 
varieties of different organisms involved have contributed to this 
confusion. Because of the discrepancies in the terminology, certain 
terms must be defined, so that consistency in interpretation can be 
maintained. Although some of the terminology defined in this section 
is not utilised for discussion later, their inclusion here permits a 
more rounded discussion.
Resistance to pathogens can be distinguished into true 
resistance and pseudo or escape resistance. In the former, resistance 
mechanisms operate following an intimate contact between the host 
tissue and the parasite. In contrast, escape resistance operates 
before the parasite has made contact with host tissue (PARLEVLIET,
1977) e.g. susceptible host and virulent pathogen do not co-exist. 
True resistance is expressed as a consequence of the genetic 
interaction between the host and the pathogen. The relationship of 
this concept to environment is -indicated subsequently. Through a 
series of studies on genetic interactions of flax (Linum us it at issimum 
L.) and Melampsora lini (Pers.) Lev., FLOR (1955) proposed that the 
interaction between flax and Melampsora operate on a gene-for-gene 
basis. From his studies FLOR, demonstrated that resistance caused by 
a single gene in flax is overcome by a specific and related single 
virulence gene in M. lini, if there were two resistance genes in the 
host, the parasite required two virulence genes to nullify the 
resistance. Thus he established a numerical equivalence between the 
resistance genes in the host and the virulence genes in the pathogen. 
The present state of knowledge indicates a widespread occurrence of 
gene-for-gene systems as a general rule in host-pathogen relationships 
(FLOR, 1971; DAY, 1974; SIDHU, 1975). Demonstration of the 
gene-for-gene relationship, based on FLOR's criterion is limited to
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plantpathosystems in which the life cycle of the pathogen is known and 
the breeding habits of the host are relatively simple. To overcome 
this difficulty, PERSON (1959) proposed a theoretical approach to 
determine the presence of the gene-for-gene relationship in systems in 
which little or no genetic information can be discerned. The 
advantages and the limitations of FLOR's and PERSON'S methods have 
been summarised by SIDHU (1975).
Within the true or the genetic resistance, VAN DER PLANK 
(1963) recognised two forms, vertical and horizontal resistance. When 
a variety is resistant to some but susceptible to other races of the 
pathogen, the resistance is vertical or perpendicular. On the other 
hand when the resistance in a variety is evenly spread against all the 
races of the pathogen, it is said to be horizontal (VAN DER PLANK, 
1963). This difference, which is essentially genetic, was given an 
epidemiological extension to explain why the resistance in some 
varieties is permanent and in others ephemeral (VAN DER PLANK, 1968). 
These concepts and particularly the epidemiological extension were not 
accepted unequivocally (ELLINGBOE, 1975; JOHNSON and TYLOR, 1976; 
PARLEVLIET and ZADOKS, 1977; NELSON, 1978). Both prior to, and since 
VAN DER PLANK'S proposition, a variety of other terms occur in 
literature which may be considered broadly as synonyms. Vertical 
resistance (VR) has been referred to as race-specific resistance, 
qualitative resistance, non-uniform resistance, differential 
resistance, interactive resistance, hypersensitive resistance, major 
gene resistance, monogenic resistance or oligogenic resistance, 
complete resistance, unstable resistance etc. Race-non-specific 
resistance, uniform resistance, quantitative resistance, minor gene 
resistance, polygenic resistance, noninteractive resistance, field 
resistance, generalised resistance, stable resistance, partial 
resistance etc. have been employed to describe horizontal resistance 
(HR).
To overcome the confusion that existed in the terminology, 
ROBINSON (1971, 1973) formulated certain rules to characterise the two 
forms of resistance (VR and HR). The evidence which ROBINSON (1976) 
presents (largely repeating the observations of VAN DER PLANK and
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other«) for HR is much less convincing than that for VR and is largely 
hypothetical. This has not lessened the controversy in the area. 
Thus ROBINSON's efforts have not led to wide application of the HR and 
VR terminology. CLIFFORD (1975), realising the difficulty involved in 
classification of the response of barley to leaf rust (Puccinia 
recond ita Rob. ex De«m.), into these two systems, has noted "In 
common with other workers, the author accepts the convenience of 
cataloguing resistance into two types. Nature I am sure never 
intended this division". PARLEVLIET and ZADOKS (1977) proposed a 
theoretical model to explain vertical and horizontal resistance and 
concluded that "Classifying resistance into two quite different types 
is a hindrance rather than a help in understanding how resistance 
genes operate in natural populations". The model which they proposed 
suggested that all resistance was on a gene-for-gene base and thus was 
race-specific and hence in VAN DER PLANK's terminology was all VR. 
JOHNSON and TYLOR (1976) questioned (discussion presented in section 
8.3 supports their contention) the validity of the tests (ANOVA and 
the rank order test) suggested by VAN DER PLANK (1968), and supported 
by ROBINSON (1976) to recognise the types of resistance. In a recent 
article, NELSON (1978) reviewed the opinions expressed by different 
workers and critically assessed the inconsi.stensies in the definitions 
of VR and HR proposed by VAN DER PLANK (1963). NELSON (1978) 
concluded that, VAN DER PLANK (1963) defined VR and HR in terms of 
population kinetics and later interpreted them epidemiologically. He 
preferred to refer to HR, i.e. non-racespecific resistance, as 'rate 
reducing' resistance since it reduces the apparent infection rate in 
an epidemic, and considered VR as resistance that reduces the 
effective intial inoculum. Thus the NELSON (1978) definition of the 
two systems had an epidemiologi cal basis. However, the definition of 
HR as 'rate reducing' was disputed by JOHNSON, (1979) on the evidence 
that slow-rusting i.e. 'rate reducing' in the wheat variety 'Bulgaria 
88' to leaf rust (Puccinia recondita) was due to race-specific 
resistance (BROWDER, 1973).
As mentioned earlier (Chapter 1), although VAN DER PLANK's 
concepts of disease resistance were not accepted readily by many 
workers, they helped in the analytical approach to epidemics and
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c r i t i c a l  e v a l u a t i o n  o f  r e s i s t a n c e  me c h a n i s ms  in t h e  h o s t .  Thus ,  
d e s p i t e  t h e i r  l i m i t a t i o n s  t h e s e  c o n c e p t s  p r o v i v d e d  a f r ame work f o r  
d i s c u s s i o n  whi ch  p r e v i o u s l y  d i d  no t  e x i s t .
Beca us e  o f  t h e  c o n t r o v e r s i e s ,  c l a s s i f i c a t i o n  o f  t h e  h o s t  
r e a c t i o n  i n t o  v e r t i c a l  and h o r i z o n t a l  r e s i s t a n c e  h a s  n o t  been  
a t t e m p t e d  i n  t h e  p r e s e n t  s t u d i e s .  The t e r m r a c e - s p e c i f i c  i s  u s e d  t o  
d e s c r i b e  t h e  s p e c i f i c i t y  i n  t h e  h o s t - p a r a s i t e  i n t e r a c t i o n .  A l t h o u g h  
some r e s u l t s  o b t a i n e d  in t h e s e  i n v e s t i g a t i o n s  show c h a r a c t e r s t i c s  o f  
HR ( s e n s u  VAN DER PLANK, 1968;  ROBINSON, 1 9 7 6 ) ,  e . g .  s l o w r u s t i n g ,  
q u a n t i t a t i v e  as  d i s t i n c t  f rom q u a l i t a t i v e  e x p r e s s i o n s ,  t h e  t e rm HR i s  
n o t  empl oyed  due i t s  d u b i o u s  n a t u r e .
The i n t e r p r e t a t i o n  o f  t h e  r e s u l t s  r e p o r t e d  i n  t h i s  t h e s i s  
p r o v i d e s  a f u r t h e r  p r o b l e m in t h e  r e s i s t a n c e  t e r m i n o l o g y  o f  p l a n t  
p a t h o l o g y  ( s e e  commencement  o f  t h i s  s e c t i o n ) .  T h i s  p r ob l em has  been  
h i g h l i g h t e d  by t h e  q u a n t i t a t i v e  a s  d i s t i n c t  f rom t h e  q u a l i t a t i v e  
n a t u r e  o f  t h e  h o s t  r e a c t i o n s  i n  most  i n s t a n c e s .  In t h e s e  s t u d i e s  t h e  
i n t e r a c t i o n  o f  t h e  ' c o n g e n i a l  c u l t i v a r s '  o f  Po p u 1 us and r a c e s  o f  M. 
l a r i c i - p o p u l i n a  l ias been a s s e s s e d  on one o r  more p a r a m e t e r s ,  by t h e  
d i s e a s e  s e v e r i t y  e x p r e s s e d .  D i s e a s e  s e v e r i t y  i s  t h e  c o n s e q u e n c e  o f  
t i i e  i n t e r a c t i o n  o f  t h e  g e n o t y p e s  o f  t h e  c u l t i v a r  and r a c e  o f  t h e  
p a t h o g e n  and t h e  e n v i r o n m e n t .  Thus t h e  r e s i s t a n c e  i n  t h e  c u l t i v a r  o r  
a g g r e s s i v e n e s s  in t h e  r a c e  i s  n o t  e x p r e s s e d  i n d e p e n d e n t l y  o f  t h e  
o t h e r ,  o r  o f  t h e  e n v i r o n m e n t .  t h u s  r e s i s t a n c e  and a g g r e s s i v e n e s s  a r e  
r e g a r d e d  a s  g e n o t y p e  c h a r a c t e r i s t i c s ,  w h i l e  d i s e a s e  s e v e r i t y  i s  
e s s e n t i a l l y  t h e  p h e n o t y p i c  e x p r e s s i o n  o f  t h e s e .  I f  c u l t i v a r s  a r e  
b e i n g  r a n k e d  f o r  r e l a t i v e  r e s i s t a n c e  on t h e  b a s i s  o f  d i s e a s e  s e v e r i t y  
i t  mi gh t  be more c o r r e c t  t o  s p e a k  o f  ' e x p r e s s e d '  o r  ' a p p a r e n t '  
r e s i s t a n c e  r a t h e r  t h a n  s i m p l y  r e s i s t a n c e .  S i m i l a r l y ,  one would have  
' e x p r e s s e d '  o r  ' a p p a r e n t '  a g g r e s s i v e n e s s  r a t h e r  t h a n  a g g r e s s i v e n e s s .  
Such a p r o c e d u r e  would r e c o g n i s e  t h e  d i s t i n c t i o n  b e t we e n  t h e  p o t e n t i a l  
o f  t h e  g e n o t y p e  and t h e  e x p r e s s i o n  o f  t h i s  p o t e n t i a l  i n  d i s e a s e  
s e v e r i t y .  However ,  t h i s  i s  n o t  t h e  u s u a l  mode o f  e x p r e s s i o n  i n  p l a n t  
p a t h o l o g y  e . g .  VAN DER PLANK ( 1 9 6 8 )  r a n k s  c u l t i v a r s  o f  t o m a t o  f o r  
r e l a t i v e  r e s i s t a n c e  and i s o l a t e s  o f  F u s a r i u m  oxysporum f .  s p .
l y c o p e r s i c i  ( S a c c . )  Sny.  and H a n . f o r  r e l a t i v e  a g g r e s s i v e n e s s  on t h e
116
b a s i s  o f  d i s e a s e  s e v e r i t y .  Whi l e  a p p r e c i a t i n g  t h i s  p r o b l e m  i n  
s e m a n t i c s  t h e  use  o f  t h e  t e r m s  ’ r e s i s t a n c e '  and ' a g g r e s s i v e n e s s '  i n  
t h i s  t h e s i s  h a s  f o l l o w e d  t h e  VAN DER PLANK s y s t e m  whi ch  seems  t o  be 
t h e  c o n v e n t i o n a l  o n e .
T h e r e  i s  a f u r t h e r  p r o b l e m whi ch  s t e ms  i n  p a r t  f rom t h i s  
t e r m i n o l o g i c a l  d i f f i c u l t y .  A ch a n g e  in  d i s e a s e  s e v e r i t y  whi ch  
a c c o m p a n i e s  a v a r i a t i o n  i n  an e n v i r o n m e n t a l  v a r i a b l e  may be 
i n t e r p r e t e d  as  due t o  t h e  e f f e c t  o f  t h e  l a t t e r  v a r i a t i o n  on t h e  
e x p r e s s i o n  o f  t h e  g e n e t i c  p o t e n t i a l  f o r  r e s i s t a n c e  o f  t h e  c u l t i v a r  or  
t h e  g e n e t i c  p o t e n t i a l  f o r  a g g r e s s i v e n e s s  o f  t h e  r a c e  o r  on b o t h  o f  
t h e s e  p o t e n t i a l s .  MARTENS e t a 1 ( 1 967 ) e x p r e s s e d  a s i m i l a r  o p i n i o n
w i t h  r e s u l t s  o b t a i n e d  i n  a s t u d y  o f  b l a c k  s t em r u s t  i n  w h e a t .
-2 -1I n c r e a s i n g  l i g h t  i n t e n s i t y  o v e r  t h e  r a n g e  20 -  1000 ^uE m s r e d u c e s  t h e  
g e r m i n a t i o n  o f  t h e  u r e d i n i o s p o r e s  o f  M. l a r i c i - p o p u l i n a  i . e .  a 
d i r e c t  e f f e c t  on t h e  p a t h o g e n .  However  such  l i g h t  i n t e n s i t y  v a r i a t i o n  
i s  l i k e l y  t o  a f f e c t  p h o t o s y n t h e s i s  a l s o  and t h u s  t o  have  a p o t e n t i a l  
e f f e c t  on p o s t p e n e t r a t i o n  phenomena i n  t h e  p o p l a r  /  Mel ampsora  
c o m p l e x .  D i s e a s e  s e v e r i t y  m e r e l y  m e a s u r e s  t h e  end r e s u l t  o f  a l l  t h e s e  
p o s s i b l e  e f f e c t s  on t h e  p a t h o g e n ,  on t h e  h o s t  and on t h e  h o s t  /  
p a t h o g e n  co mp l e x .  The p o s s i b l e  e f f e c t s  o f  t e m p e r a t u r e  on t h e  
p r o c e s s e s  l e a d i n g  t o  d i s e a s e  e x p r e s s i o n ,  c o u l d  be a r g u e d  s i m i l a r l y .  
Whi l e  t h e  p o s s i b i l i t y  e x i s t s  t h a t  an e n v i r o n m e n t a l  v a r i a b l e  c o u l d  have  
d i f f e r e n t i a l  q u a l i t a t i v e  e f f e c t  on| the co mp o n e n t s  o f  d i s e s s e  i n d u c t i o n  
i n  v a r i o u s  c u l t i v a r  /  r a c e  c o m b i n a t i o n s ,  i n f o r m a t i o n  i s  n o t  a v a i l a b l e  
on t h i s  a s p e c t .  Th u s ,  in t h e  t h e s i s  where  t h e  mai n  c o n c e r n  h a s  been  
w i t h  r e l a t i v e  r a t h e r  t h an  a b s o l u t e  l e v e l s ,  c h a n g e s  i n  d i s e a s e  s e v e r i t y  
h a v e  been  i n t e r p r e t e d  as  i n d i c a t i v e  o f  v a r i a t i o n  i n  ' r e s i s t a n c e '  i n  
c u l t i v a r s  o f  t h e  h o s t  or  ' a g g r e s s i v e n e s s '  i n  r a c e s  o f  t h e  p a t h o g e n .
8 . 3  RESISTANCE IN POPLAR TO Mel ampsora  LEAF RUST
D i f f e r e n t  forms  and d e g r e e s  o f  r e s i s t a n c e  t o  Mel amps ora  
s p e c i e s  can be r e c o g n i s e d  in p o p l a r .  Whi t e  p o p l a r s  o f  t h e  s u b - s e c t i o n  
A l b i d a e  o f  s e c t i o n  Leuce  d e m o n s t r a t e  i mmuni t y  t o  b o t h  M. medus ae  and 
M. l a r i c i - p o p u l i n a  l e a f  r u s t  i n  t h e  f i e l d .  However  P.  a l b a  c v .
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' h i c k e l i a n a '  ( s u b - s e c t i o n  A l b i d a e )  h a s  been  i n f e c t e d  s u c c e s s f u l l y  w i t h  
M. me d u s a e  i n  t h e  l a b o r a t o r y  s t u d i e s  (SHARMA and HEATHER, 1 9 7 7 a ) .  
Some members  o f  o t h e r  t a x o n o mi c  s e c t i o n s  and t h e i r  h y b r i d s  a r e  
s u s c e p t i b l e  t o  g r e a t e r  o r  l e s s e r  d e g r e e s ,  t o  one o r  b o t h  o f  t h e s e  l e a f  
r u s t s  and some o f  t h e  FI h y b r i d s  o f  m a n i p u l a t e d  c r o s s e s  b e t we en  
c e r t a i n  A l b i d a e  and A i g e i r o s  s p e c i e s  a r e  s u s c e p t i b l e  t o  b o t h  l e a f  
r u s t s .  Th i s  s u g g e s t s  t h a t  g e n e s  f o r  r e s i s t a n c e  t o  _Mj_ l a r i c i - p o p u l  i n a  
a r e  w i d e l y  d i s p e r s e d  t h r o u g h o u t  t h e  g e n u s  P o p u l u s  even  i n  s p e c i e s  wi t h  
wh i ch  t h e  p a t h o g e n  d o e s  no t  c o - e x i s t .  The r e s i s t a n c e  e x p r e s s e d  w i t h i n  
t h e  s e c t i o n  A i g e i r o s  and i t s  h y b r i d s  d e p e n d s  on numerous  f a c t o r s  such  
a s  s p e c i e s  o f  t h e  r u s t ,  t h e  f a c t o r s  o f  e n v i r o n m e n t  e t c .  In  t h e  same 
e n v i r o n m e n t  l e a v e s  on t r e e  s h o o t s  o f  P.  n i g r a  c v .  ' i t a l i c a '  were  
r e p o r t e d  t o  t a k e  i n f e c t i o n  l a t e r  t h a n  t h o s e  on ' s t o o l  s h o o t s '  bu t  t h e  
r a t e  o f  m u l t i p l i c a t i o n  a f t e r  t h e  i n i t i a l  i n f e c t i o n  was f a s t e r  i n  t h e  
l a t t e r  (HEATHER and SHARMA, 1 9 7 7 ) .  The r e s i s t a n c e  v a r i a t i o n  w i t h i n  a 
s h o o t  i s  r e l a t e d  t o  l e a f  m a t u r i t y  and s h o o t  a g e .  Newly formed l e a v e s  
a r e  immune,  l e a v e s  i n  t h e  m i d d l e  o f  t h e  s h o o t s  a r e  s u s c e p t i b l e  t o  l e a f  
r u s t  w h i l e  t h e  o l d e s t  l e a v e s  a r e  f r e q u e n t l y  somewhat  s u s c e p t i b l e .  The 
l e a v e s  o f  a p a r t i c u l a r  m a t u r i t y  a r e  more r u s t  s u s c e p t i b l e  i n  young 
r a t h e r  t h a n  o l d e r  s h o o t s .  Th u s ,  a s h o o t  a p p e a r s  t o  a c t  a s  an 
o r g a n i s e d  u n i t  i n  d e t e r m i n i n g  t h e  r e l a t i v e  r u s t  s u s c e p t i b i l i t y  o f  i t s  
componen t  l e a v e s  (SHARMA e t  a l ,  1 9 8 0 ) .  Thus i n  a s s e s s i n g  t h e  
r e s i s t a n c e  o f  a c u l t i v a r  o r  a g g r e s s i v e n e s s  o f  a r a c e  i t  was e s s e n t i a l  
t o  u s e  l e a v e s  o f  a c o m p a r a b l e  m a t u r i t y  s e l e c t e d  f rom s h o o t s  o f  
c o m p a r a b l e  a g e .  Th es e  v a r i a t i o n s  i n  r e s i s t a n c e  a r e  f u r t h e r  
d i f f i c u l t i e s  i n  e x t r a p o l a t i o n  from c o n t r o l l e d  e x p e r i m e n t s  t o  p r o b a b l e  
f i e l d  b e h a v i o u r .
The s u b - s e c t i o n  A l b i d a e  ( w h i t e  p o p l a r s )  i s  t h e  o n l y  m a j o r  
t a x o n o m i c  g r o u p i n g  o f  P o p u l u s  immune t o  b o t h  M. l a r i c i - p o p u l i n a  and 
M. medusae  l e a f  r u s t s  i n  t h e  f i e l d  and P.  a 1 bn c v .  ' h i c k e l i a n a '  i s  
t h e  o n l y  v a r i e t y  p r o v e n  s u s c e p t i b l e  u n d e r  e x p e r i m e n t a l  c o n d i t i o n s .  
The members  o f  t h e  s e c t i o n  A i g e i r o s  ( b l a c k  p o p l a r s )  a r e  t h e  p r i n c i p a l  
h o s t s  s u s c e p t i b l e  t o  M. medus ae  and M. l a r i c i - p o p u l i n a  l e a f  r u s t s .
C e r t a i n  c u l t v a r s  o f  P.  d e l t o i d e s  when i n o c u l a t e d  w i t h  t h e
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race«? of M. 1arici-popu1ina , produced a localised hypersensitive 
necrotic (qualitative) reaction. The resistance in these cultivars is 
obviously race-specific. Some Aigeiros hybrids (P. x eurmericana) 
expressed a wider spectrum of variation (quantitative) in resistance 
(Chapter 3). When disease severity in the latter was assessed on 
different parameters and subjected to a rank order test for 
aggressiveness of the races (Table 3.3) or susceptibility of cultivars 
(Table 3.6), the ranking order was relatively uniform, indicative of 
non race-specific resistance. However, application of Analysis of 
Variance produced a significant (P^O.OUl) cultivar / race interaction 
(Table 3.7) suggestive of race-specific resistance. Thus the 
conclusion obtainable from these two tests are mutually contradictory. 
JOHNSON and TYLOR (1976) produced similar results with a hypothetical 
example and consequently the validity of the tests suggested by VAN 
DER PLANK (1968) and supported by (ROBINSON, 1976) to distinguish 
race-specific and non-race specific resistance is questionable. 
Although the rank order test is independent of scale of measurement, 
it sacrifices much information e.g. the significance of differences 
in the mean value in the ranking is disregarded. For the results 
reported here,Analysis of Variance has been employed to recognise 
race-specific resistance.
The aggressivenes of the pathogen on 'congenial cultivars' 
can be employed as readily as the virulence of the rust on 'non 
congenial cultivars' to identify some of the physiologic races in M. 
larici-populina (Chapter 3). Thus the reactions of 'congenial 
cultivars' to aggressiveness in races of the pattiogen may allow 
elimination of certain cultivars from consideration for extensive 
planting i.e., it can be a valuable negative screening process. 
Unfortunately the limited cultivar / race combinations which can be 
employed in most experiments do not permit useful selection of 
resistant cultivars. Even if such selection were possible it would 
have the danger inherent in any race-specific host-pathogen system 
i.e. an unrecognised race, highly aggressive on the selected cultivar, 
may exist in the pathogen population.
The genetic bases (monogenic, oligogenic, polygenic etc.) of
119
resistance in Populus to Melampsora loaf rust is unknown. Some 
cultivars of P. deltoides of North American origin produced 
incompatible (hypersensitive-necrotic) reactions (Table 3.1) to M. 
larici-populina , the leaf rust organism of European origin. It is 
difficult to explain the development of such a relationship between a 
host and a pathogen which have not co-existed in recent geological 
time. While there is substantial evidence that M. medusae , of North 
American origin, occurs as a fairly recent introduction in Asia, South 
America and Africa, there is little evidence that M^ _ larici-popu1ina 
occurs even as a recent introduction in North America (SHAIN, 1976). 
HOFF and McDONALD (1973) reported expression of a hypersensitive 
reaction in an Asiatic pine (Pinus armandii Franch.) when inoculated 
with Cronortium ribicola J.C. Fisch. ex Rabenh of North American 
source. While C. ribicola is believed to be of Asiatic origin here 
again, documentary evidence of the co-existence of this host and the 
pathogen is not available. A needle shedding resistance mechanism, 
which provides the host with apparent immunity to white pine blister 
rust,has been authenticated in Pinus montico1 a Dougl. to ribicola
(McDONALD and HOFF, 1975). This host and pathogencertainly never 
co-existed in nature in recent geological time. These observations 
contrast somewhat with the belief that genes for disease resistance 
are only, or atleast likely to be found in centres of origin of crop 
species (VAVILOV, 1949; LEPIK, 1970; BROWNING, 1974). A simple 
hypothesis can be advanced to • explain the observed relationship 
between the cultivars of P. deltoides of North American origin and M. 
larici-popu1ina . M. medusae is native to North America and it is 
likely that resistance genes in P. deltoides would have survived on 
as a consequence of co-evolution of this host and that pathogen. The 
resistance / susceptibility reactions to FL_ 1arici-populina in P4_ 
deltoides (differential) cultivars and those in P_^  x euramericana 
(congenial) hybrid cultivars (derivatives of crosses between P4_ 
deltoides and P. nigra see Appendix 4) are both sensitive to 
temperature (Table 4.1 and 4.3). Further these responses are in a 
similar direction i.e., increasing incompatibility with increasing 
temperature (Table 4.1 and 4.3). Possibly the genes which determine 
these reactions in these two groups of cultivars are the same (section 
4.4, Chapter 4), but their expression is modified possibly due to
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different genetic and cytoplasmic background. Thu« simplest
hypothesis for the occurrence of resistance genes in P. deltoides to 
M. 1arici-popu1ina is that the genes conditioning this resistance are
those developed in this host in relation to M. medusae. This 
hypothesis proposes that a resistance gene affects host resistance 
irrespective of the Melampsora species employed. The actual disease 
reaction of the host determined by this gene, depends on its genetic 
and cytoplasmic background and the species of Melampsora infecting it. 
A further consideration is that the morphological distinctions between 
M. 1arici-popu1ina and M. medusae are relatively minor and it is 
possible that these two taxa are not very distinct genetically. 
Examination of the gel electrophoresis patterns of these two organisms 
could be rewarding in this regard.
The observations made on incubation period to flecking
(1PF), uredinia per leaf disk (ULD) and ured iniospores per mm for the
cultivars p. x euramericana '1-488' and '1-214' agree in general with
those recorded in the field for these two cultivars by SHARMA et al
(1975). The incubation period in P. x euramericana '1-214' was
. . 1usually longer and the uredinial numbers and urediniospores per mm 
were lower on this cultivar than on P. x euarmericana '1-488' (Table 
4.3). Field observations of disease progress on these two cultivars 
showed that the time taken from the record of first infection to 
maximum rust development was 94 days in '1-214' and 54 days in '1-488' 
(SHARMA et al., 1975). Taken together, these results demonstrate that 
P. x euramericana '1-214' exhibits slow rusting characteristics. 
This agrees with the suggestion of PARLEVLIET (1979) that latent 
period (in this instance incubation period) is a useful indicator of 
slow rusting.
8.4 ENVIRONMENTAL INFLUENCE ON CULTIVAR / RACE INTERACTION
The influence of environmental factors on the host-parasite 
interaction has been widely recognised (WALKER, 1965). The effect of 
temperature and light intensity on the response of the host to its 
parasite have been reviewed partially (Chapters 4, 5, 6, and 7).
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The r e s p o n s e  o f  ' c o n g e n i a l  c u l t i v a r s '  o f  p o p l a r  t o  r a c e s  o f  
M. l a r i c i - p o p u l i n a  was d i f f e r e n t i a l l y  a f f e c t e d  by t h e ' t e m p e r a t u r e  o f  
c u l t u r e  o f  p l a n t s ,  i n c u b a t i o n  t e m p e r a t u r e ,  l i g h t  i n t e n s i t y  o f  
i n c u b a t i o n  and t h e  i n t e r a c t i o n  o f  t h e  l a t t e r  t wo .  H i g h e r  
p o s t - i n o c u 1 a t i o n  t e m p e r a t u r e  (24  C) and l i g h t  i n t e n s i t y  ( 250 pE m s)  
c a u s e d  l o n g e r  i n c u b a t i o n  p e r i o d s  and l ower  u r e d i n i a l  number s  when 
compar ed  w i t h  l ower  t e m p e r a t u r e  ( 15  C) and l o we r  l i g h t  i n t e n s i t y  ( 5 0  
pE m s ) .  L a t e n t  p e r i o d  i s  an i m p o r t a n t  component  o f  p a r t i a l  
r e s i s t a n c e  (PARLEVLIET, 1 9 7 9 ) .  However ,  I n c u b a t i o n  p e r i o d  i s  an 
i n t e g r a l  p a r t  o f  l a t e n t  p e r i o d  and i n  t h e  p o p l a r / l e a f  r u s t  s y s t e m  
t h e r e  i s  a p o s i t i v e  c o r r e l a t i o n  o f  R -  0 . 6 2 1 3  b e t we e n  t h e  two ( C h a p t e r  
3 ) .  SCHAPER ( 1 9 5 1 )  s u g g e s t e d  s e l e c t i o n  o f  p o t a t o  c u l t i v a r s  w i t h  l ong  
i n c u b a t i o n  p e r i o d s  b e c a u s e  o f  t h e i r  a s s o c i a t i o n  w i t h  h i g h  r e s i s t a n c e  
t o  l a t e  b l i g h t .  In a s i m u l a t i o n  s t u d y ,  ZADOKS ( 1 9 7 2 )  d e m o n s t r a t e d  a 
d i f f e r e n c e  in  d i s e a s e  s e v e r i t y  o f  o v e r  1 0 , 0 0 0  t i m e s  as  a f u n c t i o n  o f  
a c h a n g e  (8  d a y s )  i n  t h e  l e n g t h  o f  t h e  i n c u b a t i o n  p e r i o d .  When l e a v e s  
were  c o l l e c t e d  from c u l t i v a r s  o f  p o p l a r  grown a t  2 8 / 2 0  C ( n i g h t / d a y )  
t e m p e r a t u r e  and were i n o c u l a t e d  wi t h  M. 1a r i c i - p o p u 1 i n a  and i n c u b a t e d  
a t  20 C,  t h e  mean i n c u b a t i o n  p e r i o d  was 7 . 8 6  d a y s  compared  t o  5 . 2 3  
d a y s  f o r  s i m i l a r  l e a v e s  from c u l t i v a r s  grown on 2 0 / 1 0  C t e m p e r a t u r e  
r e g i m e  and i n o c u l a t e d  and i n c u b a t e d  a t  20 C.  Assumi ng a mean 
m o n o c y c l e  l e n g t h  o f  10 d ays  and a f i v e  month  p e r i o d  o f  c o n d i t i o n s  
s u i t a b l e  f o r  d i s e a s e  d e v e l o p m e n t ,  an i n c r e a s e  i n  i n c u b a t i o n  p e r i o d  by 
c a .  t h r e e  days  w i l l  r e s u l t  i n  11. r a t h e r  t h a n  15 m o n o c y c l e s  p e r  s e a s o n
( C h a p t e r  5 ) .  The p o s s i b l e  c o n s e q u e n c e  o f  such  a c ha nge  on t h e
of
e p i d e m i o l o g y /  t h e  l e a f  r u s t  has  been  d i s c u s s e d  in C h a p t e r  5.
In  t h e  f i e l d ,  h i g h  t e m p e r a t u r e  o f  c u l t u r e ,  h i g h  t e m p e r a t u r e  
and h i g h  l i g h t  i n t e n s i t i e s  o f  i n c u b a t i o n  may be even  more i m p o r t a n t  
t h a n  t h i s  c a l c u l a t i o n  i n d i c a t e s ,  s i n c e  i n  C a n b e r r a ,  M. 
1 a r i c i - p o p u 1i n a  i s  r a r e l y  a c t i v e  in t h e  f i e l d  a f t e r  e a r l y  summer.
I t  was o b s e r v e d  t h a t  i n c u b a t i o n  p e r i o d  was n e g a t i v e l y  
c o r r e l a t e d  wi t h  u r e d i n i a l  number s  p e r  u n i t  a r e a .  T h i s  a g r e e s  w i t h  t h e  
s i m i l a r  o b s e r v a t i o n s  f o r  l a t e n t  p e r i o d  and u r e d i n i a l  number s  on 
b a r l e y  i n o c u l a t e d  w i t h  P.  h o r d e i  (PARLEVLIET,  1 9 7 5 ) .  Thr ough  a 
r e g r e s s i o n  a p p r o a c h  i t  was shown t h a t  c a . 56% o f  v a r i a t i o n  o c c u r i n g
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in uredinial number«? was explained by the incubation period (Table 
3.9). This observation is consistent with the observation made by 
MILLER ( 1 978) on Populus - Me 1ampspra relationship. However, when 
cultivar / race combination«? were subjected to varying levels of 
temperature, light intensity or their combination, the correlation is 
much poorer. This i«? evident when the mean values obtained for
different regime«? of a variable, are compared (Table 4.2, 3.2 and 
7.2), i .e. the shortest incubation period was not necessarily
correlated with highest uredinial numbers. This suggests that factors 
of environment differentially affect the physiology of processes 
leading to these two parameters of disease expression.
The variances obtained in all the experiments, whether of 
main effects or of interactive effects, when tested against the 
residual variance were generally either very highly (P<0.001) or 
highly (P<0.01) «? igni f i cant . The variation amongst cultivars was 
relatively «?mal 1 po«?sibly due to a common parentage and in most 
instance«? their variances were less than those due to races (Tables 
3.7, 4.4, 3.4, 6.3 and 7.4). The variances produced by temperature
and light intensity were usually higher than those for cultivars or 
races. Again, interactions involving the environmental variables were 
greater than the cultivar / race interaction. This pattern of
variance was consistent in all the experiments (Tables 4.4, 5.4, 6.3,
and 7.4). Possibl~y, the levels chosen within each factor- 
(temperature, light intensity etc.) were so widely separated that the 
effect of these environmental factors was dominant over that of 
cultivars or races. An experiment which employed smaller differences 
between the levels of the environmenta 1 variable(s), but still within 
the optimum range of that variable for the fungus, might produce a 
lower variance for the factor. Such a variance might be more 
comparable with that due to races or cultivars in this study. The 
results reported for P. recondita by EVERSMEYER et a 1 ( 1980) indicate 
that interaction of host and race is most pronounced at the extreme 
(10 C), rather than at temperatures (15.6, 21.1 and 26.7 C)
approaching the optimum.
An example of variation in resistance of the cultivars and
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i n  a g g r e  s s  i venes«;  o f  race«;  w i t h  c h a n g i n g  e n v i r o n m e n t a l  f a c t o r s  
( i n d i v i d u a l l y  or  i n  c o n c e r t )  i s  i l l u s t r a t e d  i n  t a b l e  8 . 1 .  The 
r e l a t i v e  r e s i s t a n c e  o f  c u l t i v a r  P.  x e u r a m e r i c a n a  ' 1 - 2 1 4 '  v a r i e d  f rom 
mo' it  r e s i s t a n t  t o  mos t  s u s c e p t i b l e  a c c o r d i n g  t o  t h e  t e m p e r a t u r e ,  l i g h t  
i n t e n s i t y  o r  t h e i r  c o m b i n a t i o n  empl oyed  f o r  i n c u b a t i o n .  In  c o n t r a s t ,  
d i f f e r e n t  r e g i m e s  o f  t e m p e r a t u r e  o f  g r o wt h  o f  t h e  p l a n t s  c o u p l e d  w i t h  
d i f f e r e n t  i n c u b a t i o n  t e m p e r a t u r e s  d i d  not  a f f e c t  t h e  r e l a t i v e  
r e s i s t a n c e  o f  t h i s  c u l t i v a r  ( T a b l e  8 . 1 ) .  S i m i l a r l y  r a c e  A v a r i e d  i n  
i t s  r e l a t i v e  a g g r e s s i v e n e s s  from most  a g g r e s s i v e  t o  l e a s t  a g g r e s s i v e  
a c c o r d i n g  t o  t h e  p r e -  and p o s t - i n o c u l a t i o n  t e m p e r a t u r e  and 
p o s t - i n o c u l a t i o n  l i g h t  i n t e n s i t y .  T h i s  exa mpl e  i s  i n d i c a t i v e  o f  t h e  
p o s s i b l e  e f f e c t  o f  f l u c t u a t i o n s  in t h e  c o mp o n e n t s  o f  t h e  e n v i r o n m e n t  
on t h e  p a t h o g e n  p o p u l a t i o n  and t h e  c o n s e q u e n t  r e s p o n s e  o f  t h e  h o s t  
u n d e r  f i e l d  c o n d i t i o n s .  C e r t a i n  o b s e r v a t i o n s  made on t h e  b e h a v i o u r  o f  
t h e  r a c e s  o f  t h e  r u s t s  on a n n u a l  c r o p s ,  i n  r e l a t i o n  t o  t h e  
t e m p e r a t u r e ,  a g r e e  w i t h  t h e  p r e s e n t  r e s u l t s .  Many g e n e r a l  e x a mp l e s  
h a v e  been  r e v i e w e d  in  C h a p t e r  4 ,  3,  6 and 7 h e n c e  a few s p e c i f i c  
e x a m p l e s  a r e  c i t e d  h e r e  t o  i l l u s t r a t e  t h e  r e l a t i o n s h i p  b e t we e n  
t e m p e r a t u r e  and t h e  aggres<; i  venes«;  o f  t h e  p a t h o g e n .  SOOD and SACKSTÜN 
( 1 9 7 3 )  r e p o r t e d  t h e  opt imum t e m p e r a t u r e  f o r  p e n e t r a t i o n  o f  s u n f l o w e r  
h o s t  by s t r a i n  2 o f  P u c c i n i a  he 1 i a n t h i  Schw.  was b e t we e n  13 and 20 C, 
w h e r e a s  s t r a i n  4 p e n e t r a t e d  b e s t  a t  2 0 - 2 5  C and s t r a i n s  1 and 3 a t  
20 C.  KATSUYA and GREEN ( 1 9 6 7 )  s u g g e s t e d  t h a t  r a c e  56 o f  g r a m i n i s  
p r e d o m i n a t e d  in  c o m p e t i t i o n  w i t h  . r a c e s  15B-1 a t  20 and 25 C,  wh e r e a s  
r a c e  15B-1 p r e d o m i n a t e d  a t  15 C.  They c o r r e l a t e d  t h i s  b e h a v i o u r  w i t h  
e p i d e m i c s  d u r i n g  t h e  y e a r s  1953 and 1954 due  t o  r a c e  15B-1 when t h e  
a v e r a g e  t e m p e r a t u r e s  i n  t h o s e  y e a r s  were  l ow.  The s u b s e q u e n t  i n c r e a s e  
o f  r a c e  56 i n  l a t e r  y e a r s  was a t t r i b u t e d  t o  h i g h e r  t e m p e r a t u r e s .  Thus 
t e m p e r a t u r e  i s  i n d i c a t e d  as  one o f  t h e  i n t e r a c t i n g  f a c t o r s  i n f l u e n c i n g  
t h e  r e l a t i v e  a b i l i t y  o f  p h y s i o l o g i c  r a c e s  o f  p a t h o g e n s  t-o s u r v i v e  and 
p r e d o m i n a t e  i n  p o p u l a t i o n s .  The c h a n g i n g  a g g r e s s i v e n e s s  o f  r a c e  A o f  
M. l a r i c i - p o p u l i n a  ( T a b l e  8 . 1 )  s ug j es t s  t h a t  t h e  p a r a s i t i c  f i t n e s s  
( a s s e s s e d  on u r e d i n i a l  nu mb e r s )  i n  t h i s  i s o l a t e  o f  t h e  f u n g u s  i s  
i n f l u e n c e d  as  much by t h e  e n v i r o n m e n t  ( t e m p e r a t u r e  and l i g h t )  a s  by 
t h e  g e n o t y p e  o f  t h e  h o s t  c u l t i v a r .  T h i s  s u p p o r t s  t h e  s u g g e s t i o n  o f  
NELSON ( 1 9 7 9 )  t h a t  t h e  r e l a t i v e  p a r a s i t i c  f i t n e s s  o f  a g e n o t y p e  w i l l  
c h a n g e  when i t  i s  compar ed  a g a i n s t  o t h e r  p a r a s i t i c  g e n o t y p e s  o r  h o s t
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TABLE 8.1 Change in relative re^istance of P. x euramericana '1-214 
and relative aggress i venes s of race A of iM. lanci.-popul ina 
on the basis of uredinia per leaf disk, as affected by cer- 
tain changing environmental factors.
Factors Cultivar '1-214' Race A
Post-inocu 1 ation 
temperature (C)
'
12 MDR MDA
20 MS LA
25 MDR LA
Pre-(GT) and Post-(PT) 
inoculation temperature 
(GT-day/night ; PI)
(C)
20/10 ; 20 MR -
20/10 ; 25 MR LA
28/20 ; 20 MR -
28/20 ; 25 MR -
Light intensity 
fyiE m1 s')
100 MS MA
2 50 MDR MDA
1000 MDR LA
Interaction of 
temperature and 
light intensity 
(Temperature/ 
light intensity)
15/50 MDR MA
15/200 MS LA
24/50 MDR LA
24/200 MS LA
MDR, Moderately resistant; MS, Most susceptible; MR, Most resistant; 
MDA; Moderately aggressive; LA, Least aggressive; MA, Most aggressive;
not avaible. Relative position was determined amongst four 
cultivars or four races; other than extreme ranking positions were 
termed moderate
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genotype«; or when it is assessed under different environmental 
conditions .
Endemic pathogens rarely cause epidemic disease in 
natural-ecosystems. It has been proposed that variability in the 
racial composition of the pathogen populations, resulting from 
diversity of host genotypes in such systems, is a partial explanation 
for this phenomenon (BROWNING, 1974). It has been suggested that 
gene-for-gene relationship of host-pathogen system permits the stable 
co-existence of host cultivar and obligate parasites (MODE, 1958). If 
the selections of host cultivars, pathogen races and environmental 
variables employed in the present experiments are typical of the 
overall host-pathogen-environment system then the results suggest that 
the environmental variables will be more important than cultivar 
composition in maintaining the variability in the population of the 
pathogen. Assuming that the disease response of the cultivars of
I OtKef
poplar and race'? of Melamp«ora is sensitive also to the/physical 
factor«? of the environment and that this sensitivity is expressed by 
differential interaction« as in the present results natural 
populations of the pathogen would be extremely variable and hence well 
buffered against «election pressures of the host due to cultivar 
uniformity.
The pos«ibility that monoclonal planting« of poplars may 
lead to epidemic di«ea«e a« a consequence of ho«t «election pressure 
on the racial composition of M. larici-populina ha« been canvassed 
(HEATHER and SHARMA, 1977). Historical evidence for such epidemic 
occurrence« in agricultural crop« i« common (VAN DER PLANK, 1968; DAY, 
1978; HORSFALL and COWLING, 1979). However, for the Populus - 
Melampsora system, homeostatic pressure in the pathogen has been 
suggested a« a possible counter to such positive selection (HEATHER et 
al., 1980). Sensitivity of cultivar / race interaction to 
temperature, light intensity, humidity etc., could act also as a 
counter to host selection pressure and in the broad sense be regarded 
as homeostasis.
The highly interactive nature of environmental variables
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with the host-parasite combination, is indicative of the inh rent 
difficulty involved in disease predicting systems. Many such systems, 
because of the large number of variable«; involved, are restricted to 
the study of single cultivar / single race reactions (TENG and CLOSE, 
1978). It seems reasonable to assume that the limited success of 
certain attempts to simulate plant diseases is due at least in part to 
the lack of adequate emphasis on the interactive nature of the 
environment / cultivar /race system as a factor in disease induction.
The present study is restricted to the effect of temperature 
and light intensity on the cultivar / race combinations. If other 
physical and biotic factors of the environment e.g. humidity, 
nutrition, soil factors,fungal hyperparasites, etc. interact 
differentially also, the potential complexity of the system for 
modelling purposes becomes very apparent.
Based on the present observations, a fully differential 1 y 
interactive host - pathogen - environment model, which may have wider
application, can be proposenl for Populus - Melampspra system.
PARLEVLIET and ZADOKS (1977) proposed an integrated concept for 
disease resistance that they suggested would be stable, but based on 
a gene-for -gene i.c. race-specific model. However, this is a 
theoretical model and does not include environment as a factor in 
disease induction. The results obtained in the present study broadly 
support the PARLEVLIET - ZADOKS concept in that it is race-specific, 
but has indicjted also the role of environmental variation in the 
potential stability of host - pathogen relationship. The host 
pathogen - environment model is seen as a fully differentially 
interactive system embracing a spectrum of disease resistance
expression all of which is race-specific and possibly on a
gene-for-gene basis in agreement with the PARLEVLIET-ZADOKS model. 
Instances where the host-pathogen interaction is so qualitatively 
specific that it is clearly differential, and consequently its 
vertical nature (sensu VAN DER PLANK, 1968) readily recognisable would 
represent one extreme of the spectrum. At this extreme the reaction 
may seem to be relatively independant of environment, except under
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e x t r e me  c o n d i t i o n s ,  and such r e s i s t a n c e  may be v e r y  u n s t a b l e  when 
employed in a g r o - e c o s y s t e m .  At t he  o t h e r  ex t r eme  t he  h o s t - p a t h o g e n  
i n t e r a c t i o n  a l t h o u g h  s t i l l  d i f f e r e n t i a l ,  i s  e x p r e s s e d  q u a n t i t a t i v e l y  
and i s  e x t r e m e l y  e n v i r o n m e n t a l l y  l a b i l e .  The r e s i s t a n c e  o f  such 
a g r o - e c o s y s t e m  would be " d u r a b l e "  due to  t h i s  l a b i l i t y  i r r e s p e c t i v e  of  
i t s  i n h e r e n t  i n s t a b i l i t y  due to i t s  r a c e - s p e c i f i c  n a t u r e .  Varying 
d e g r e e s  o f  h o s t - p a t h o g e n  i n t e r a c t i o n  l a b i l i t y  would occur  between 
t h e s e  two e x t r e me s .  Q u a l i t a t i v e l y  s p e c i f i c  r e s i s t a n c e  e , g ,  l o c a l  
h y p e r s e n s i t i v e  n e c r o s i s ,  i s  r e a d i l y  r e c o g n i s a b l e  and in some f i e l d  
c r o p s  a p p e a r s  t o  be dominant  and mono- o r  o l i g o g e n i c a l l y  de t e r mi n e d  
and t h u s  r e l a t i v e l y  easy  t o  s e l e c t  and br eed  f o r .  I t  i s  h a r d l y  
s u r p r i s i n g  t h a t  b r e e d i n g  has  in t he  p a s t  l a r g e l y  c o n c e n t r a t e d  on t h i s  
t ype  o f  r e s i s t a n c e .  In t ho s e  i n s t a n c e s  where t he  h o s t - p a t h o g e n  
r e a c t i o n  i s  not  e n v i r o n m e n t a l l y  l a b i l e  i t  i s  not  s u r p r i s i n g  t h a t  such 
r e s i s t a n c e  b r e e d i n g  p r o c e d u r e s  have l ed  t o  t he  'boom and b u s t '  
s c e n a r i o .  The s c e n a r i o  would be q u i t e  d i f f e r e n t  i f  t he  p a r t i c u l a r  
h o s t - p a t h o g e n  r e a c t i o n  was e n v i r o n m e n t a l l y  l a b i l e  e . g .  t he  P. 
de l  t o i  des  -  M. l a r i c i - p o p u 1ina  c o mb i na t i on  in t he  p r e s e n t  r e s u l t s  or  
t he  Sr 6 gene in wheat  (VAN DER PLANK, 1978) .
The t e m p e r a t u r e  and l i g h t  i n t e n s i t y  r eg i mes  chosen  in t h i s  
s t u d y ,  a r e  w i t h i n  t he  r ange  o c c u r r i n g  in t h o s e  r e g i o n s  o f  t h e  wo r l d ,  
where A i g e i r o s  p o p l a r s  a r e  grown.  In t h e s e  r e g i o n s  such c o mb i na t i on s  
o f  t e m p e r a t u r e  and l i g h t  i n t e n s i t y  a r e  l i k e l y  t o  be e x p e r i e n c e d  in t he  
f i e l d  w i t h i n  a few h o u r s .  Over t he  p a s t  40 y e a r s  P. x e u r a me r i c a n a  
' 1 - 4 8 8 '  and ' 1 - 2 1 4 ' ,  two of  t he  c u l t i v a r s  used in  t he  e x p e r i m e n t s ,  
have been e s t a b l i s h e d  ve r y  e x t e n s i v e l y  as continuojs^ pathodemes  in t he  
Po V a l l e y  of  n o r t h e r n  I t a l y .  Al though M. 1 n r i c i - p o p u 1i na  i s  endemic 
t o  t h i s  a r e a  l e a f  r u s t  e p i de mi c s  have not  o c c u r r e d ,  and indeed t he  
f ungus  i s  o f  t axonomic  r a t h e r  t han e p i d e m i o l o g i c a l  i n t e r e s t .  The 
f u l l y  i n t e r a c t i v e  model  proposed  h e r e  would seem a r e a s o n a b l e  
e x p l a n a t i o n  f o r  such s t a b i l i t y .
I n v e s t i g a t i o n s  r e p o r t e d  h e r e i n  d e m o n s t r a t e  t he  enormous 
v a r i a b i l i t y  o f  t he  Popu1 us -  Melampsora s ys t em.  The s e v e r i t y  o f  l e a f  
r u s t  i s  a f u n c t i o n  o f  a complex of  g e n e t i c  ( h o s t  c u l t i v a r ,  pa thogen  
r a c e ) ( CHANDRASHEKAR and HEATHER, 1980) ,  o n t o g e n e t i c  ( age  of  t he  l e a v e s
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and o f  t h e  shoot«? on whi ch  t h e y  a r e  b o r n e )  (SHARMA e t  a l . , 1 9 8 0 ) ,  and 
e n v i r o n m e n t a l  f a c t o r s  s uch  as  p r e - i n o c u 1 a t i o n  t e m p e r a t u r e  ( C h a p t e r  5 ) ,  
t e m p e r a t u r e  ( C h a p t e r  4 )  and l i g h t  i n t e n s i t y  ( C h a p t e r  6)  o f  i n c u b a t i o n ,  
and t h e  i n t e r a c t i o n  be t we e n  t h e s e  f a c t o r s  ( C h a p t e r  7 ) .  Such a compl ex  
r e l a t i o n s h i p  i s  s u g g e s t i v e  o f  a l ong  p e r i o d  o f  c o - e x i s t e n c e  and 
c o - e v o l u t i o n  o f  Popu1 us  s p p .  and Me l amps pr a  s p p .  i n  E u r o p e .  T h i s  
« s ugg es t i o n  i s  c o m p a t i b l e  w i t h  v i e w p o i n t s  o f  NELSON ( 1978)  and ROBINSON 
( 1 9 7 6 ) ,  on t h e  e v o l u t i o n  o f  s y s t e m s  d e m o n s t r a t i n g  endemi c  b a l a n c e .  I t  
i s  p o s s i b l y  a b e t t e r  s y s t e m from whi ch  t o  s p e c u l a t e  on t h e  o r i g i n  o f  
p a t h o g e n i c  s y s t e m s  and p a t h o g e n e s i s  t h a n  some o f  t h o s e  h e r e t o f o r e  
e m p l o y e d .
8 . 5  BREEDING POPLARS FOR LEAF RUST RESISTANCE
The r e s i s t a n c e  e x p r e s s e d  w h e t h e r  o f  ' c o n g e n i a l '  o r  
d i f f e r e n t i a l  c u l t i v a r s  o f  p o p l a r  t o  r a c e s  o f  M. l a r i c i - p o p u l i n a  i s  
r a c e - s p e c  i f  i c  , bu t  t o  v a r y i n g  d e g r e e s .  In a g r i c u l t u r a l  c r o p s  such 
r e s i s t a n c e  empl oyed  i n  b r e e d i n g  ha s  o f t e n  r e s u l t e d  i n  t h e  ' boom and 
b u s t '  s y ndr ome  (VAN DER FLANK, 1968)  i . e . ,  t h e  d i m i n u t i o n  o f  l o s s  o f  
r e s i s t a n c e  w i t h  i n c r e a s i n g  p o p u l a r i t y  o f  t h e  v a r i e t i e s  i n c o r p o r a t i n g  
r a c e - s p e c i f i c  r e s i s t a n c e .  In o r d e r  t o  ove r come  t h i s  i n s t a b i l i t y ,  
BROWNING and FREY ( 1 9 6 9 )  p r o p o s e d  a m u l t i l i n e  s t r a t e g y ,  whi ch  i s  
compl ex  and d i f f i c u l t  t o  i mplement  e ve n  i n  f i e l d  c r o p s .  T e c h n i c a l l y ,  
i t  i s  more  d i f f i c u l t  t o  a p p l y  in . a l 1ogamous t h a n  in  au t o g amo u s  c r o p s  
and p a r t i c u l a r l y  d i f f i c u l t  i n  p l a n t s  s uch  as  p o p l a r  w i t h  l ong  
g e n e r a t i o n  i n t e r v a l s .  B e s i d e s ,  t h e  e c o n o m i c s  o f  p o p l a r  wood 
p r o d u c t i o n  i n  A u s t r a l i a  may no t  p e r m i t  t h e  c o s t  i n v o l v e d  in  t h e s e  
p r o c e d u r e s .
In some c r o p s  such as  wheat  t h e r e  i s  a t r e n d  t o w a r d s  t h e  use  
o f  ' d u r a b l e '  r e s i s t a n c e  (JOHNSON, 1 9 7 8 ) .  U n f o r t u n a t e l y ,  r e c o g n i t i o n  
o f  ' d u r a b l e  r e s i s t a n c e '  i s  a m a t t e r  o f  r e t r o s p e c t i v e  d e c i s i o n  
c o n s e q u e n t  t o  p e r f o r m a n c e  o f  a c u l t i v a r  in many e n v i r o n m e n t s  o v e r  a 
l ong  p e r i o d .  The g e n e t i c  b a s i s  o f  t h i s  form o f  r e s i s t a n c e  i s  
u n c e r t a i n .  In ou r  p r e s e n t  knowl edge  t h i s  i s  n o t  a v i a b l e  a l t e r n a t i v e  
t o  r a c e - s p e c i f i c  r e s i s t a n c e  i n  s e l e c t i n g  and b r e e d i n g  p o p l a r s .
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The members  o f  t h e  s u b - s e c t i o n  A l b i d a e  o f  s e c t i o n  L e u c e ,  a r e  
immune t o  b o t h  M. l a r i c i - p o p u l i n a  and M. medusae  i n  t h e  f i e l d  i n  
A u s t r a l i a .  A f u l l e r  i n v e s t i g a t i o n  i n t o  t h e  n a t u r e  o f  t h i s  r e s i s t a n c e  
f o r  u s e  i n  c o mme r c i a l  and a e s t h e t i c  p l a n t i n g s  would be p r o f i t a b l e .  
The f o l l o w i n g  s t r a t e g y  b a s e d  on t h e  s u g g e s t i o n  o f  HEATHER e t a 1 . 
( 1 9 8 0 )  i s  recommended f o r  e x p l o i t a t i o n  o f  r e s i s t a n c e  i n  members  o f  
A i g e i r o s  s e c t i o n .  A s e r i e s  o f  c u l t i v a r s  s h o u l d  be p r o d u c e d  by 
i n t r a - s p e c i f i c  and i n t e r s p e c i f i c  (WILLING and PRYOR, 1976) 
h y b r i d i z a t i o n  and s u b s e q u e n t l y  s c r e e n e d  f o r  r e s i s t a n c e  u s i n g  i n o c u l u m 
f rom b o t h  f i e l d  c o l l e c t i o n s  and t h a t  o f  s p e c i f i c  r a c e s  i n  l a b o r a t o r y ,  
g l a s s h o u s e  and f i n a l l y  in t h e  f i e l d .  The mos t  r e s i s t a n t  c u l t i v a r s  
s h o u l d  t h e n  be t e s t e d  u n d e r  d i f f e r e n t  a g r o - c 1 i m a t i c  c o n d i t i o n s  
( d i f f e r e n t  l a t i t u d e s )  and i n  t h e  p r o j e c t e d  a r e a s  o f  e s t a b l i s h m e n t . 
Ra t e  and form o f  g r o w t h ,  wood q u a l i t y  e t c  would be a s s e s s e d  from such 
p l a n t i n g s .  S u i t a b l e  c u l t i v a r s  in g r o u p s  o f  up t o  t e n  c o u l d  t h e n  be 
d e s i g n a t e d  and r e l e a s e d  f o r  e s t a b l i s h m e n t ,  e i t h e r  as  c o m p o s i t e  
m i x t u r e s  o r  a t  l e a s t  a s  mixed b l o c k s  o f  a b o u t  0 . 5  ha  pe r  c u l t i v a r .  
Each 1-3  y e a r s  new g r o u p s  o f  c u l t i v a r s  would be r e l e a s e d  and g r o w e r s  
e n c o u r a g e d  t o  u s e  t h e s e  c u l t i v a r s  i n  p l a n t i n g s .  T h u s , on a 15 y e a r  
r o t a t i o n  4 5 - 1 5 0  c u l t i v a r s  mi gh t  be e m p l o y e d .  To a d e g r e e  such  
p l a n t i n g s  would mimic t h e  g e n e t i c  v a r i a t i o n  in  n a t u r a l  s t a n d s ,  a n d ,  
a l t h o u g h  t h e  r e s i s t a n c e  in c u l t i v a r s  would be r a c e - s p e c i f i c  ( i n d i c a t e d  
i n  t h e  p r e s e n t  r e s u l t s ) ,  d i s e a s e  l e v e l s  s h o u l d  no t  i n c r e a s e  u n t o w a r d l y  
t h r o u g h o u t  t h e  r o t a t i o n .
The n e c e s s i t y  o f  s uch  a b r e e d i n g  and e s t a b l i s h m e n t  p r o c e d u r e  
mi g h t  be q u e s t i o n e d  in  v i ew o f  t h e  e n v i r o n m e n t a l  l a b i l i t y  o f  t h e  
r a c e - s p e c i f i c  c u l t i v a r  /  r a c e  c o m b i n a t i o n s  d e m o n s t r a t e d  i n  t h e  p r e s e n t  
e x p e r i m e n t s .  F i r s t l y  t h e  p r o p o s a l  i s  an i n s u r a n c e  s i n c e  t h e  p r e s e n t  
r e s u l t s  h av e  been  o b t a i n e d  from e x p e r i m e n t s  i n v o l v i n g  o n l y  a v e r y  
l i m i t e d  number  o f  c u l t i v a r s  or  r a c e s .  Whi l e  i t  i s  u n l i k e l y  t h a t  i n  
p r i n c i p l e  t h e y  a r e  a t y p i c a l  o f  t h e  o v e r a l l  h o s t - p a t h o g e n  s y s t e m  t h e  
r e l a t i v e  i m p o r t a n c e  o f  e n v i r o n m e n t  v i s  a v i s  c u l t i v a r  /  r a c e  
v a r i a b i l i t y  may no t  be t y p i c a l  o f  t h e  s y s t e m .  F u r t h e r  i t  i s  l i k e l y  
t h a t  w h a t e v e r  s e l e c t i o n  and b r e e d i n g  p r o c e d u r e s  a r e  f o l l o w e d ,  s i m p l e  
t h o u g h  t h e y  may be i n  t h e  c a s e  o f  p o p l a r ,  t h e  o v e r a l l  e f f e c t  w i l l  be 
a r e d u c t i o n  in  v a r i a b i l i t y  o f  t h e  h o s t  g e n o t y p e s .  In t h e  p r e s e n t
130
state of knowledge it is not possible to estimate the possible effect 
of such a considerable change in the constitution of the mixture of 
host genotypes as that involved in exotic plantations. When it is 
remembered that the selected host genotypes will be propagated as 
clones to be grown on a rotation of ca. 13 years it would seem 
prudent to take reasonable precautions to avoid any possible disaster.
8.6 CONCLUSION
1. Achievements in relation to the objectives of the present investiga 
t i ons
Investigations on Populus - Melampsora interactions broadly 
fulfilled the objectives outlined (Chapter 1). The specific findings 
are summarised in the Abstract, but are briefly highlighted here for 
the convenience of the reader.
Certain isolates of M. 1arici-popu1ina were recognised as 
physiologic, races based on the qualitative reactions of particular 
cultivars of P. deltoides. Certain of these races could be 
identified also on the basis of quantitative reactions of the hybrid 
(P. x euramericana) cultivars.
Cultivar / race interactions have been shown to 
differentially interact with pre- and post-inoculation temperature 
(Chapter 5 and 4) light intensity (Chapter 6) and the interaction of 
temperature and light intensity of incubation (Chapter 7). The 
interaction of these environmental factors with the cultivar / race 
combinations, when assessed on one or more parameters of disease 
severity, were usually significant beyond the P=0.05. Thus in any 
cultivar / race combination the disease severity resulting is a 
consequence of a fully differential host - pathogen - environment 
interaction. These results suggest the potential importance of 
environmental variation in maintaining the heterogeneity of races in 
the population of the pathogen.
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11. Suggested areas for future research
The ease of vegetative reproduction in Populus and the ease 
of multiplication of Melampsora under controlled conditions make the 
Populus - Melampsora system a useful host - pathogen model for
studying different aspects of the parasitism.
The studies reported in this thesis, suggest the following 
aspects of Populus - Melampsora as worthy of investigtion.
1. Host selection pressure
The potential selection pressure exerted by the genotype of 
a host cultivar on the composition of a mixture of races and the 
consequent relative proportion of the races following a series of
inoculations can be tested. This would permit an assessment of the 
possible effect of cultivnrs on the population of the pathogen races 
If this could be accurately quantified the relative contributions of 
cultivars and environmental variable«; to racial composition of
pathogen populations could be assessed.
2. The part of the environmental spectrum which is interactive
The interactive nature of the cultivar / race / environment 
has been demonstrated in the various experiments reported. The
question arises as to whether this three way interaction occurs 
throughout the range of the environmental variables which is suitable 
for compatible reactions or only within a part of this spectrum. The 
extreme level of an environmental variable may have an overriding 
effect on the expression of the host cultivars or the pathogen races. 
Such behaviour could show up as a significant cultivar / race / 
environment interaction without the interaction being active 
throughout the spectrum of the environmental variable. The spectrum 
of each of the major variables of the environment for compatible 
cultivar / race interactions should be determined independant1y and 
employing these spectra and the cultivar / race combinations, all in 
concert, the relative contribution of the different factors in the
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d i s e a s e  i n d u c t i o n  c o u l d  be d e t e r m i n e d .
3 .  E f f e c t  o f  t h e  e n v i r o n m e n t  on t h e  component  p r o c e s s e s  o f  i n f e c t i o n
S t u d i e s  o f  t h e  e f f e c t  o f  t e m p e r a t u r e ,  l i g h t  i n t e n s i t y  e t c .  
on t h e  i n d i v i d u a l  p r o c e s s e s  o f  p r e p e n e t r a t i o n  ( g e r m i n a t i o n ,  g e r m - t u b e  
e l o n g a t i o n  and a p p r e s ^ o r i a  1 f o r m a t i o n ) ,  p e n e t r a t i o n  and p o s t  
p e n e t r a t i o n  phenomena ,  would i n d i c a t e  the. s p e c i f i c  s t a g e  o f  t h e  
i n f e c t i o n  t h a t  i s  mos t  l a b i l e  t o  t h e  v a r i a t i o n s  i n  t h e  p h y s i c a l  
f a c t o r s  o f  t h e  e n v i r o n m e n t .
4 .  E f f e c t  o f  m i c r o c l i m a t e  o f  t h e  l e a v e r  on i n f e c t i o n  in  t h e  f i e l d
O c c u r r e n c e  o f  t h e  l e a f  r u s t  i n  t h e  f i e l d  has  been  r e p o r t e d  
e ve n  when t h e  a i r  t e m p e r a t u r e  and t h e  l i g h t  i n t e n s i t y  a r e  r e l a t i v e l y  
h i g h .  T h i s  c o n t r a s t s  w i t h  t h e  g e n e r a l  r e s u l t s  r e p o r t e d  i n  t h e  
e x p e r i m e n t s  in t h i s  t h e s i s .  The a c t u a l  l e v e l  o f  t h e s e  f a c t o r s  
e x p e r i e n c e d  by t h e  u r e d i n i o s p o r e s  on t h e  a b a x i a l  s u r f a c e  o f  t h e  l e a v e s  
c o u l d  be d e t e r m i n e d .  T h i s  mi gh t  e x p l a i n  t h e  a p p a r e n t  d i s a g r e e m e n t  
m e n t i o n e d  and f u r t h e r  w i l l  i n d i c a t e  t h e  v a l u e  o f  i n - v i t r o  s t u d i e s  f o r  
e x t r a p o l a t i o n  t o  t h e  f i e l d .
3.  The p o s s i b i l i t y  o f  h y b r i d i z a t i o n  be t we e n  Mel ampspra  s p e c i e s
I n f e c t i o n  o f  a common p o p l a r  h o s t  or  even  t h e  same l e a f  o f  
a h o s t  by bo t h  M. 1a r i c i - p o p u 1 i n a  and M. medus ae  i s  n o t  uncommon i n  
t h e  f i e l d .  H y b r i d i z a t i o n  o f  Mel amps pra  s p e c i e s  f o l l o w i n g  s uch
i n f e c t i o n  c o u l d  a c c o u n t ,  a t l e a s t  i n  p a r t ,  f o r  t h e  o c c u r r e n c e  o f  
obnor inal  u r e d  i ni  o s p o r e s  o f  M. 1 a r  i c i - p o p u  1 i na (SHARMA and HEATHER, 
1 9 7 8 ) .  I n t e r s p e c i f i c  h y b r i d i z a t i o n  woul d  a l s o  be a r e a s o n a b l e  
e x p l a n a t i o n  f o r  t h e  a p p a r e n t l y  l a r g e  number  o f  r a c e s  o f  p o p l a r  r u s t  
r e c o g n i s e d  in A u s t r a l i a  f o l l o w i n g  t h e  f i r s t  r e c o r d  o f  t h e  r u s t  i n  
1973.  In  a d d i t i o n  h y b r i d i z a t i o n  would h e l p  e x p l a i n  c e r t a i n  
r e l a t i o n s h i p s  b e t we e n  t h e  two r u s t  s p e c i e s  and t h e i r  p r i n c i p a l  p o p l a r  
h o s t s  in A u s t r a l i a .
M o d e l l i n g  has been  a d v o c a t e d  as  an a i d  t o  p r e d i c t i o n  o f
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epidemic«? and,  fo r  t he  s e l e c t i o n  o f  o p t i o n s  f o r  d i s e a s e  c o n t r o l  in t he  
f i e l d  (KRANZ, 1974) .  The s t u d i e s  l i s t e d  in 1 t o  3 above a r e  d e s i r a b l e  
t o  i d e n t i f y  t he  f a c t o r s  t o  be i n c l u d e d  in a s i m u l a t i o n  model  fo r
p o p l a r  r u s t  in t he  f i e l d .  Such model«? have c o n s i d e r a b l e  v a l u e  in 
s t u d i e s  on the  economics  o f  d i s e a s e  c o n t r o l .  In a p e r e n n i a l  c rop  such
as  p o p l a r ,  wi t h  a s i n g l e  y i e l d  a t  t he  t ime of  f e l l i n g  , a l l
e x p e n d i t u r e s  a r e  compounded f o r  t he  l e n g t h  of  t he  r o t a t i o n .  The
p o t e n t i a l  va l ue  of  s i m u l a t i o n  model s  i s  even g r e a t e r  in such c a s e s  
t han  in c r o p s  wi t h  an annua l  y i e l d  t o  b a l a n c e  a g a i n s t  annual  
e x p e n d i t u r e .
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APPENDIX 1
EXPERIMENTS WITH THE SPORE SETTLING TOWER
1.1 INTRODUCTION
A settling tower (Fig. 2.1, Chapter 2) was employed in the 
inoculation of leaf disks of poplar with the urediniospores of M. 
larici-popu1ina. The plan and operation of the tower is given in 
section 2.5 of general methods. The deposition of urediniospores on 
the base of the settling tower was affected by different factors. The 
following experiments were conducted to determine optimal level of 
each factor to adopt as a standard procedure in subsequent 
experiments.
1.2 OPTIMUM INOCULUM DENSITY AND TIME OF EXPOSURE
The quantity and hydration of the urediniospores, the time 
of exposure of the leaf disks to the settling spores and the location 
of the disks on the base of the settling tower were known to cause 
some variation in the density of the urediniospores deposited in the 
settling tower. MILLER (1978), working with this settling tower 
reported a deposition density of 5.9 and 8.5 urediniospores per mm for 
particular zone in the base of the settling tower with inoculum 
quantities of 6 and 9 mg of urediniospores. The following experiment 
was conducted to determine the effect of quantity of the inoculum and 
time of exposure on the deposition of urediniospores per unit area on 
cover slips located at various positions on the base of the settling 
t ower.
The base of the settling tower was divided into three zones 
viz., inner, middle and outer as illustrated in fig. 1.2.1. Cover 
slips (13 mm,diameter) coated with petroleum jelly were located as 
marked in fig. 1.2.1. Spores were released in the tower following 
the procedure detailed in general methods (section 2.5), employing 3, 
4 and 5 mg quantities of urediniospores of M. larici-popu1ina in
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FIGURE 1.2.1 Base layout of the spore settling tower. Sampling 
areas are marked . The middle zone was employed 
for positioning the leaf disks in all the inocu- 
lat ions .
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s e p a r a t e  i n o c u l a t i o n s .  The c o v e r s l i p s  were  e x p o s e d  f o r  e i t h e r  5 o r  10 
m i n u t e s  a f t e r  t h e  i n i t i a l  p e r i o d  o f  f i v e  s ec  f o r  s e t t l i n g  o f  t h e  
c l u m p s .  S e p a r a t e  e x p e r i m e n t s  were  c o n d u c t e d  f o r  i n d i v i d u a l  
c o m b i n a t i o n s  o f  s p o r e  q u a n t i t y  and e x p o s u r e  t i m e .  F o l l o w i n g  t h e  
r e mo v a l  o f  c o v e r  s l i p s  t h e  number  o f  u r e d i n i o s p o r e s  d e p o s i t e d  p e r  u n i t  
a r e a  was a s s e s s e d  from 100 r a n d o ml y  s e l e c t e d  m i c r o s c o p e  f i e l d s  f o r  
e a c h  c o m b i n a t i o n  o f  s p o r e  q u a n t i t y ,  e x p o s u r e  t i me  and t h e  zone o f  
d e p o s i t i o n  .
2.The d e p o s i t i o n  o f  u r e d  i n i o s p o r e s  e x p r e s s e d  p e r  mm f o r  
v a r i o u s  c o m b i n a t i o n s  o f  t h e  f a c t o r s  a r e  g i v e n  in t a b l e  1 . 2 . 1 .
TABLE
<Q_
1 . 2 . 1  Mean u r e d i n i o s p o r e  d e p o s i t i o n  p e r  mm (on  g l a s s  c o v e r s l i p s )  
f o r  d i f f e r e n t  c o m b i n a t i o n s  o r  s p o r e  q u a n t i t y ,  t i m e  o f  
e x p o s u r e  and t h e  zone o f  t h e  b a s e  o f  t h e  s e t t l i n g  t o w e r .
Spor e q u a n t i t y U r e d i n i o s p o r e s d e p o s i t e d 2p e r  mm
I n n e r
5 min 
Mi dd l e
Time o f  
O u t e r
e x p o s u r e
I n n e r
10 min 
Midd l e O u t e r
3 mg 0 . 3 3 2 . 4 6 2 . 8 9 1.41 2 . 6 4 2 . 2 8
4 mg 0 . 5 0 2 . 4 6 2.81 1 . 59 3 . 5 2 2 . 91
5 mg 1 . 05 3 . 5 2 2 . 4 6 1 . 59 3 . 8 8 3 . 7 0
For  a l l t h e  i nocu l um q u a n t i t i e s ( 3 ,  4 and 5 mg) and b o t h  t h e
e x p o s u r e  t i me s  (3 and 10 mi n)  h i g h  d e n s i t y  o f  t h e  d e p o s i t i o n  was 
r e c o r d e d  f o r  t h e  m i d d l e  z o n e .  A l t h o u g h  e x p o s u r e  o f  c o v e r s l i p s  f o r  10 
min r a t h e r  t h a n  5 r e s u l t e d  i n  h i g h e r  d e p o s i t i o n  o f  u r e d i n i o s p o r e s  p e r  
mm, t h e  d i f f e r e n c e  was not  s i g n i f i c a n t  ( P ^ 0 . 0 5 )  ( T a b l e  1 . 2 . 2 ) .
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TABLE 1 . 2 . 2  A n a l y s i s  o f  v a r i a n c e  o f  t h e  e f f e c t  o f  e x p o s u r e  t i m e ,  s p o r e  
q u a n t i t y  and zone o f  t h e  b a s e  o f  t h e  s e t t l i n g  t o w e r ,  on 
u r e d  i n i o s p o r e  d e p o s i  t i  on p e r  mm2'
S o u r c e  o f  v a r i a t i o n d . f . Mean s q u a r e F r a t i o
T i me 1 13 . 89 3.57NS
Weight 2 1 0 . 613 2 . 7 4 * *
P o s i t  i o n 2 6 3 . 2 3 1 6 . 28 * * *
Time x Weight 2 0 . 9 6 0. 25NS
Time x P o s i t i o n 2 0 . 3 6 0.09NS
We i gh t  x P o s i t i o n 4 1 . 07 0. 27NS
Time x Weight  x P o s i t i o n 4 3 . 5 2 0.91NS
R e s i d u a l 162 3 . 8 8
T o t a l 179 4 . 5 4
*** S i g n i f i c a n t  a t  P-C0 . 001  
** S i g n i f i c a n t  a t  P <  0 . 01  
NS N o n - s i g n i f i c a n t  a t  P<_0 . 05
Spor e  q u a n t i t y  and t h e  l o c a t i o n  on t h e  b a s e  o f  t h e  s e t t l i n g
t o w e r  r e s u l t e d  i n  s i g n i f i c a n t  ( P < 0 . 0 5 )  and v e r y  s i g n i f i c a n t
( P <  0 . 0 0 1 )  d i f f e r e n c e s  in d e p o s i t i o n .  In t h e  ANOVA, t h e  v a r i a n c e  due 
t o  t h e  zone  o f  d e p o s i t i o n  was t h e  mos t  s i g n i f i c a n t  f a c t o r .  The s ec o n d  
and t h i r d  o r d e r  i n t e r a c t i o n  o f  a l l  t h e  f a c t o r s  d i d  n o t  c o n t r i b u t e  
s i g n i f i c a n t l y  t o  t h e  t o t a l  v a r i a t i o n  ( T a b l e  1 . 2 . 2 ) .
Based on t h e s e  r e s u l t s ,  i n o c u l u m we i g h t  o f  f i v e  mg, f i v e
m i n u t e s  e x p o s u r e  t i me  and t h e  m i d d l e  zone ( h a t c h e d  i n  f i g .  1 . 2 . 1 )
were  empl oyed  f o r  a l l  t h e  i n o c u l a t i o n s  w i t h  t h e  s e t t l i n g  t o w e r .
Minor  d i f f e r e n c e s  in t h e  d e p o s i t i o n  o f  u r e d i n i o s p o r e s  was 
r e c o r d e d  w i t h i n  t h e  m i d d l e  zone  and t h i s  v a r i a t i o n  was d e t e r m i n e d  in  
a s e p a r a t e  e x p e r i m e n t  ( s e c t i o n  1 . 4 ) .
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1.3 OPTIMUM NUMBER OF LEAF DISCS
The middle zone of the settling tower, where there was least 
variation in the deposition of the urediniospores (section 1.2)? could 
accomodate a maximum of 60 leaf disks each of 1.76 cm. An experiment 
was conducted to determine the sample size, i.e. number of leaf disks 
required to produce a sample mean (x) that would not differ 
significantly (P<0.05) from the mean of the 60 leaf disks (p) .
Leaf disks of cultivar P. x euramericana '1-488' and 
'1-214' (60 leaf disks of each cultivar) were inoculated in successive 
experiments with 5 mg of urediniospores as detailed elsewhere (section 
2.5, Chapter 2) The inoculated leaf disks were floated on 10 ppm 
gibberellic acid solution and incubated (20+1 C, at 100 pE m" s light 
intensity). Daily observations were recorded on the disease severity 
(latent period for appearance of 50% of the uredinia LPU, and uredinia 
per leaf disk, ULD) on each leaf disk until day 14 after inoculation, 
when the uredinial numbers had ceased to increase. For both the 
parameters the observations obtained were grouped using random number 
chart into sub-samples of 5, 10, 15 and 20. Each sample size 
contained three replications (Table 1.3). The means of these 
sub-samples were compared with the mean of the 60 leaf disks using a 
F test (BISHOP, 1966). Comparisons between replications within a 
sub-sample, and between samples of different size were avoided due to 
the very high comparisons involved.
The means for the parameters IPU and ULD for different 
sample sizes are given in Table 1.3.1. On both the cultivars and for 
both the parameters some replications of sub-samples of 5 and 10 disks 
differed significantly (P<0.05) from the population mean. The larger 
sub-samples of 15 or 20 disks produced the mean approaching that of 
the population. With one exception, the mean obtained on a sample of 
15 did not differ significantly (P<0.05) from that for 60 disks 
regarded as true mean. A sub-sample size of 20 usually produced the 
mean closer to that for 60 leaf disks, however, to have used the 
sample size of 20 disks for each treatment would have restricted to 
three the number of cultivars which could be employed in a single
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i n o c u l a t i o n  in t h e  t o w e r .  T h i s  would h ave  r e d u c e d  c o n s i d e r a b l y  t h e  
i n v e s t i g a t i o n s  p o s s i b l e  in t h e  s p a c e  a v a i l a b l e .  Thus i n  s u b s e q u e n t  
e x p e r i m e n t s  15 l e a f  d i s k s  were  t h e  s t a n d a r d  number  o f  r e p l i c a t i o n s  
a d o p t e d .
1 . 4  VARIATION IN THE DEPOSITION OF URED1NI0SP0RES PER MM2
P r e v i o u s  s t u d i e s  (MILLER, 1978)  u s i n g  t h e  s e t t l i n g  t o we r  
showed t h a t  t h e  d e p o s i t i o n  o f  t h e  u r e d i n i o s p o r e s  v a r i e d  w i t h i n  a 
s i n g l e  i n o c u l a t i o n ,  and b e t we en  two s e p a r a t e  i n o c u l a t i o n s .  
P r e l i m i n a r y  e x p e r i m e n t s  were  c o n d u c t e d  to  a s c e r t a i n  i f  s u c h  v a r i a t i o n  
was w i t h i n  c e r t a i n  a c c e p t a b l e  l e v e l s .
F o r t y - f i v e  l e a f  d i s k s  ( 1 . 7 6  cm e a c h )  o f  P.  x e u r a m e r i c a n a  
' 1 - 4 8 8 '  were  s u r f a c e  s t e r i l i z e d  ( s e c t i o n ,  2 . 3 ) ,  p l a c e d  a b a x i a l  s i d e  
u p p e r m o s t  on t h e  b a s e  o f  t h e  s e t t l i n g  t o we r  and i n o c u l a t e d  w i t h  5 mg 
o f  u r e d i n i o s p o r e s  o f  r a c e  A o f  M. l a r i c i - p o p u 1i n a  as  e x p l a i n e d  e l s e  
whe r e  ( s e c t i o n  2 . 5 ,  C h a p t e r  2 ) .  F i f t e e n  c o v e r s l i p s  ( 13  mm, d i a m . )  
were  p l a c e d  r a n d o ml y  among t h e  l e a f  d i s k s  t o  d e t e r m i n e  t h e  d e n s i t y  o f  
t h e  u r e d  i n i o s p o r e s  d e p o s i t e d  on t h e  l e a f  d i s k s .  I n o c u l a t e d  d i s k s  were 
r emoved i n t o  r e p l i d i s h e s  c o n t a i n i n g  10 ppm g i b b e r l l i c  a c i d  s o l u t i o n  
and i n c u b a t e d  a t  25+1 C wi t h  16 h r  p h o t o p e r i o d  and l i g h t  i n t e n s i t y  o f  
c a .  100+5 pE m s .  The i n o c u l a t i o n  was r e p e a t e d  on t h r e e  s e p a r a t e  
o c c a s i o n s .  In e a c h  i n o c u l a t i o n ,  d e p o s i t i o n  o f  u r e d i n i o s p o r e s  pe r  u n i t  
a r e a  was c a l c u l a t e d  by o b s e r v i n g  300 m i c r o s c o p e  f i e l d s  from t h e  10 
c o v e r  s l i p s .  The u r e d i n i a  d e v e l o p e d  on t h e  i n o c u l a t e d  l e a f  d i s k s  a t  
d ay  14 a f t e r  i n o c u l a t i o n  were  r e c o r d e d  a l s o .  Us i ng  a s e t  o f  random 
n u m b e r s ,  t he  d a t a  on u r e d i n i a l  number s  f o r  e a ch  i n o c u l a t i o n  was 
s u b - d i v i d e d  i n t o  t h r e e  s a mp l e s  o f  e q u a l  s i z e  ( 15  l e a f  d i s k s )  f o r  b o t h  
t h e  p a r a m e t e r s  ( d e p o s i t i o n  d e n s i t y  and u r e d i n i a  p e r  l e a f  d i s k ) .  Thus 
t h e  d a t a  wore g r o u p e d  f o r  b e t we e n  i n o c u l a t i o n s  as  we l l  as  f o r  w i t h i n  
i n o c u l a t i o n s  and s u b j e c t e d  t o  a t wo-way a n a l y s i s  o f  v a r i a n c e  u s i n g  t he  
s u b - p r o g r a m  ANOVA o f  t h e  SPSS (NIE e t a l  . , 1975 ) on t h e  c o m p u t e r .
The mean d e p o s i t i o n o f  u r e d i n i o s p o r e s  p e r mm and t h e
u r e d i n i a  p e r l e a f d i s k f o r b e t we e n  i n o c u l a t i o n s and w i t h i n
i n o c u l a t i o n s a r e g i v e n in t a b l e  1 . 4 . 1 .  Between s u c c e s s i v e
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inoculations there was a maximum variation of ca. 7% for 
urediniospore deposition and ca. 8% for uredinia per leaf disk. 
Analysis of variance revealed non-significant (P<0.05) differences 
between inoculations as well as within inoculations (Table 1.5.1). 
Thus it was established that the use of the settling tower for routine 
assessment of susceptibility of cultivars was satisfactory. 
Additionally, it gave more confidence to the significance of the 
variances obtained in successive inoculations employing different
races.
APPENDIX 2
TESTS FOR THE HOMOGENEITY OF VARIANCE AND NORMALITY OF ERROR TERMS
Analysis of variance (ANOVA) is a versatile statistical tool 
for studying the relation between a dependant variable, and one or 
more independant variables. It permits comparison of more than two 
sample means simultaneously and additionally allows recognition of 
levels of interaction between variables. This has been suggested as 
one of the techniques to distinguish vertical and horizontal 
resistance in a host-parasite interaction, (VAN DER PLANK, 1968). 
When the test is used on the appropriate data, it enables the 
recognition of differential interaction between the host cultivars and 
the pathogen isolates. Thus ANOVA was the basic technique employed 
for statistical analysis in the present investigation. The 
application of the ANOVA becomes valid only when the assumptions 
underlying it are fulfilled by the data. Some of the important 
assumptions (NETER and WASSERMAN, 1974) are 1. Normality of error 
terms and 2. Homogeneity of the variance (homoscedasticity).
NETER and WASSERMAN (1974) provided a simple method of 
graphic analysis of residuals to examine the departures from these 
assumptions. This technique is adopted here and described as follows.
A residual ( ei ) is the difference between observed value 
a _
( ^ i ) and fitted value ( Yi ) .
thus ei = Yi - Yi
Yi = observed value 
Yi = fitted value
A
where Yi = bO + blxi
bO and bl are parameters and 
xi is independent variable
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Employing the residuals, the graphic analysis of the data 
permits verification of homogeneity of variance and normality of error 
terms. The data obtained on the number of urediniospores per mm 
square in post-inoculation temperature (12 C) experiment (Chapter A) 
are used to demonstrate the method. The analysis was carried out 
using a GLIM program (NELDER, 1975).
1. Homogeneity of error variance (homoscedasticity)
In fig. la the residuals ( ei ) from the analysis of the 
data from Chapter 4, are plotted against the observed value ( Y # ). 
The distribution of the residual variances are linear or horizontal to 
'x-axis'. This indicates homogeneity in variances. In constrast, 
spread in a trapezoidal pattern would suggest that the error variance 
increases with the independant variable, and the data would lack 
homoscedasticity.
2. Normality of error terms
Normality of error terms can be tested by plotting the 
standardized residuals ( ei/MSE } where ei =residual and MSE variance 
of the residuals) on normal probability paper (NATER and WASSERMAN, 
1974). On such paper normal distribution plots as a straight line. 
Substantial departures from linearity are grounds for suspecting that 
the distribution is not normal.
The data obtained from post - inoculation temperature 
experiment (12 C) (Chapter 4) are plotted in fig. lb. The X-axis is 
calibrated with standardized residuals ( ei/MSE ) an(j the Y-axis with 
the residuals ( ei ) • The data produces a linear plot indicating 
normal distribution of the error terms and there is no evidence of 
departure from normality.
Data from all experiments reported in this thesis, unless 
otherwise recorded were tested for homogeneity of variance and 
normality of error terms prior to using the ANOVA technique.
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<2FIGURE 2.1.1 Residual plot for the data on urediniospores mm 
produced by leaf disks of poplar inoculated with 
M. 1arici-populina and incubated at post-inocu­
lation temperature of 12 C (Chapter 4). Figures 
a and b il lustrate homogeneity of variance and 
normality of error terms, respectively.
APPENDIX 3
EXPERIMENTS WITH THE DETACHED LEAF CULTURE OF POPLAR
J
3 . 1  INTRODUCTION
De t a c h e d  l e a f  c u l t u r e  ha s  been  us ed  i n  many s t u d i e s  on t h e
o b l i g a t e  p l a n t  p a t h o g e n s  (PERSON c t  al  . ,  1 957 ; SAMBORSKI e t  a 1 . , 1958;
BROWDER, 1964;  DOLLING, 1966;  HEATHER and SHARMA, 1976a ;  1976b;  OMAR,
1 9 7 8 ) .  YARWOOD ( 1 9 4 6 )  p r o v i d e d  a c o m p r e h e n s i v e  r e v i e w  on t h e  d e t a c h e d
l e a f  c u l t u r e ,  d i s c u s s i n g  t h e  a d v a n t a g e s  and t h e  l i m i t a t i o n s  o f  t h e
t e c h n i q u e .  PERSON e t  a 1 ( 1 957 ) r e p o r t e d  t h a t  whea t  l e a v e s  can be
m a i n t a i n e d  f o r  r e l a t i v e l y  l ong  p e r i o d s  ( u p t o  one mont h)  when f l o a t e d
on b e n z i m i d a z o l e  or k i n e t i n  s o l u t i o n s .  Further  s t u d i e s  (SAMBORSKI and
SHAW, 1 957;  SAMBORSKI e t a 1 . ,  1958)  showed t h a t  w i t h  a p p r o p r i a t e
c o n c e n t r a t i o n s  o f  c e r t a i n  c h e m i c a l s ,  t y p i c a l  r u s t  r e a c t i o n s  c o u l d  be
o b t a i n e d  and t h u s  i t  was o b v i o u s  t h a t  t h e  me t hod  would be u s e f u l  in
s t u d i e s  on h o s t - p a r a s i t e  i n t e r a c t i o n s .  Some o f  t h e  d i s a d v a n t a g e s  o f
t h e  met hod  a r e  e a r l y  d e a t h  o f  l e a v e s  (CLINTON and McCORMIC, 1924)  
/ CVv'zf
/ a l t e r e d  m e t a b o l i s m  (SAMBORSKI e t  a l . ,  1958)  a f f e c t i n g  t h e  r e a c t i o n s  o f  
t h e  h o s t  t o  t h e i r  p a t h o g e n s .  BROWNING ( 1954)  r e p o r t e d  t h a t  cerat^j .n 
o a t  v a r i e t i e s  t h a t  were n o r m a l l y  r e s i s t a n t  t o  crown r u s t  ( P u c c i n i a  
c o r o n a t a  Cda f . s p .  avenae  He n n . )  and s t em r u s t  ( P u c c i n i  a gram i n i s  
P e r s .  f . s p .  a v e n a e  Henn.  and E r i k s s . )  became s u s c e p t i b l e  when t h e  
i n o c u l a t e d  l e a f  d i s k s  o f  t h e  c u l t i v a r s  were  f l o a t e d  on 2 p e r  c e n t  
g l u c o s e  or  s u c r o s e  s o l u t i o n s .
De t a c h e d  l e a f  c u l t u r e  ha s  been  empl oyed  s u c c e s s f u l l y  i n  
s t u d i e s  on b r o n z e  l e a f  ( M a r s s o n i n a  b r u n e a  ( E l l .  e t  E v . )  P.  Magn. )  
(GREMMEN, 1964) and l e a f  r u s t  ( Mel amps or a  s p p . )  o f  p o p l a r  (SHARMA and 
HEATHER, 1976a ;  1976b;  OMAR, 1978;  SHAIN and CORNELIUS, 1 9 7 9 ) .  S i n c e  
some s t u d i e s  i n d i c a t e  t h a t  t h e  r e a c t i o n  o f  t h e  h o s t  v a r i e s  w i t h  
d i f f e r e n t  c h e m i c a l s  and t h e i r  c o n c e n t r a t i o n s  empl oyed  i n  t h e  l e a f  
c u l t u r e  (SAMBORSKI and SHAW, 1957;  SAMBORSKI e t  a l ,  1 9 5 8 ) ,  an
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e x p e r i m e n t  was c o n d u c t e d  w i t h  some c h e m i c a l s  and a t  d i f f e r e n t  
c o n c e n t r a t i o n s  on t h e  q u a l i t y  o f  l e a f  d i s k s  o f  p o p l a r  c u l t i v a r s  and 
t h e i r  r e a c t i o n s  t o  t h e  p h y s i o l o g i c  r a c e s  o f  M. l a r i c i - p o p u l i n a .
3 . 2  EFFECT OF DIFFERENT CHEMICALS AND CONCENTRATIONS ON THE i n  -  v i t r o  
LIFE OF LEAF DISKS OF POPLAR
Two c u l t i v a r s  o f  p o p l a r  P.  x e u r a m e r i c a n a  ' 1 - 4 8 8 '  ( b l a c k  
p o p l a r )  and P.  a l b a  c v . ' h i c k e l i a n a '  ( w h i t e  p o p l a r ) ,  s i x  c h e m i c a l s  
b e n z i m i d a z o l e ,  e y e l o h e x i m i d e , g i b b e r e l l i c  a c i d ,  k i n e t i n ,  s p e r m i d i n e  
and s p e r m i n e ,  some o f  t h e i r  c o m b i n a t i o n s  ( g i b b e r e l l i c  a c i d  + 
s p e r m i d i n e ,  g i b b e r e l l i c  a c i d  + s p e r m i n e  and s p e r m i d i n e  + s p e r m i n e ) ,  
and t a p  w a t e r  were  us ed  in t h e  s t u d y .  T h r e e  c o n c e n t r a t i o n s  5,  50 and 
100 ppm o f  e a c h  c h e m i c a l ,  were  e mp l o y e d .  F i f t e e n  l e a f  d i s k s  o f  e a c h  
c u l t i v a r  were  f l o a t e d  on s o l u t i o n s  o f  e a c h  c o n c e n t r a t i o n s  o f  t h e  
c h e m i c a l s  and t h e i r  s e l e c t e d  c o m b i n a t i o n s  ( T a b l e  3 . 2 . 1 )  and i n c u b a t e d  
a t  20+2 C w i t h  100 pE m s l i g h t  i n t e n s i t y .  D a i l y  o b s e r v a t i o n s  were 
r e c o r d e d  on t h e  g e n e r a l  a p p e a r a n c e  o f  t h e  l e a f  d i s k s ,  o c c u r r e n c e  o f  
d e a t h  o f  t i s s u e ,  y e l l o w i n g  e t c .  Th es e  symptoms were  c o n s i d e r e d  t o  
i n d i c a t e  t h e  end o f  t h e  a c t i v e  l i f e  o f  t h e  l e a f  d i s k s ,  and t h e  number  
o f  d a y s  f o r  o c c u r r e n c e  o f  such phenomena ,  f rom t h e  day a f t e r  
i n c u b a t i o n ,  was r e c o r d e d .
The l o n g e v i t y  o f  t h e  l e a f  d i s k s  o f  t h e  two c u l t i v a r s  f l o a t e d  
on s o l u t i o n s  o f  t h r e e  d i f f e r e n t  c o n c e n t r a t i o n s  o f  e a c h  c h e m i c a l  and 
c o m b i n a t i o n s  o f  some o f  t h e  c h e m i c a l s  i s  r e c o r d e d  in  t a b l e  3 . 2 . 1 .  The 
s u r v i v a l  o f  P.  a l b a  c v .  ' h i c k e l i a n a '  was s u p e r i o r  t o  t h a t  o f  Pj_ x 
e u r a m e r i c a n a  ' 1 - 4 8 8 ' ,  on w a t e r  and mos t  c h e m i c a l s .  On e y e l o h e x i m i d e  
a t  5 ppm,  t h e  s u r v i v a l  o f  d i s k s  o f  P.  x e u r a m e r i c a n a  ' 1 - 4 8 8 '  was 
s u p e r i o r .  The l o n g e v i t y  o f  t h e  l e a f  d i s k s  v a r i e d  from as  l i t t l e  as  3 
d a y s  ( P .  a l b a  c v .  ' h i c k e l i a n a '  on 100 ppm c y c l o h e x i m i d e ) t o  a 
maximum o f  87 d a y s  on g i b b e r e l l i c  a c i d  + b e n z i m i d a z o l e  a t  50 ppm 
( T a b l e  3 . 2 . 1 ) .  P.  x e u r a m e r i c a n a  ' 1 - 4 8 8 '  when s u p p o r t e d  on 
c y c l o h e x i m i d e  a t  50 and 100 ppm p r o d u c e d  n e c r o t i c  a r e a s  ( P l a t e .  
3 . 2 . 1 )  and t h e  l e a f  d i s k s  became b r o w n i s h  /  b l a c k  i n  4 d a y s .  t h i s  
c h e m i c a l  was p a r t i c u l a r l y  damagi ng  t o  P.  a l b a  c v .  ' h i c k e l i a n a '  even  
a t  5 ppm,  e x u d a t i o n  ( P l a t e .  3 . 2 . 1 )  we r e  p r o d u c e d  on t h e  s u r f a c e s  o f
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t h e  l e a f  d i s k s  and t h e  d e a t h  o f  t h e s e  o c c u r r e d  w i t h i n  3 t o  5 d ays  o f  
i n c u b a t i o n .  K i n e t i n  p r o d u c e d  a g e n e r a l l y  s i m i l a r  e f f e c t  on t he  
c u l t i v a r s ,  a l t h o u g h  y e l l o w i n g  which was n o t i c e d  in  P.  x e u r a m e r i c a n a  
' 1 - 4 8 8 '  was n o t  o b s e r v e d  in P.  a l b a  c v .  ' h i e k e  1i a n a ' . The symptoms 
o f  d e t e r i o r a t i o n  in b o t h  t h e  c u l t i v a r s  we r e  s i m i l a r .  N e c r o s i s  
( d i s c o l o u r e d  r i n g  a r ound  t h e  p e r i p h e r y  o r  b r o w n i s h  p a t h c h e s  on t h e  
s u r f a c e )  o f  t h e  l e a f  d i s k s  was t h e  common symptom ( P l a t e  3 . 2 . 1 ) .  
C y c l o h e x i m i d e  and k i n e t i n  ( e x c e p t  a t  3 ppm w i t h  t h e  w h i t e  p o p l a r )  were  
n o t  good medi a  f o r  l e a f  c u l t u r e ,  a l t h o u g h  t h e s e  two c h e m i c a l s  a r e  
known t o  r e t a r d  p o s t - e x c i s i o n  s e n e s c e n c e  in o a t  l e a v e s  (KAUR-SAWHNEY 
e t  a l . ,  19 7 6 ) .  Spe rmi ne  a t  h i g h e r  c o n c e n t r a t i o n s  ( 5 0  and 100 ppm) 
p r o d u c e d  m a r g i n a l  n e c r o s i s  on b o t h  t h e  c u l t i v a r s  ( P l a t e .  3 . 2 . 1 ) .  The 
p o l y a m i n e s  ( s p e r m i d i n e  and s p e r m i n e )  whi ch  a r e  known t o  s t a b i l i z e  
p r o t o p l a s t s  i n  e x c i s e d  o a t  l e a v e s  (ALTMAN e t a l  . , 1977)  d i d  no t  
s u p p o r t  s a t i s f a c t o r i l y  t h e  l e a f  d i s k s ,  a l t h o u g h  s p e r m i d i n e  a t  
l ower  c o n c e n t r a t i o n s  (5  and 50 ppm) m a i n t a i n e d  t h e  l e a f  d i s k s  o f  w h i t e  
p o p l a r  in a r e a s o n a b l e  c o n d i t i o n .  The l e a f  d i s k s  on a c o m b i n a t i o n  o f  
s p e r m i d i n e  and s p e r m i n e  were  h e a l t h i e r  t h a n  t h o s e  on e a c h  o f  t h e  
p o l y a m i n e s  s e p a r a t e l y .  G i b b e r e l l i c  a c i d ,  b e n z i m i d a z o l e  and t h e i r  
c o m b i n a t i o n s  m a i n t a i n e d  t h e  l e a f  d i s k s  i n  an a p p a r e n t l y  normal  
c o n d i t i o n s  f o r  l ong  p e r i o d s  ( T a b l e  3 . 2 . 1 ) .  In t h e  c o m b i n a t i o n s ,  
s p e r m i n e  + g i b b e r e l l i c  a c i d  and s p e r m i n e  + s p e r m i d i n e ,  t h e  damagi ng  
e f f e c t  o f  s p e r m i n e  was s t i l l  e x p r e s s e d  ( T a b l e  3 . 2 . 1 ) .  P.  a l b a  c v . 
' h i c k e l i a n a '  on t a p  w a t e r  r e ma i n e d  a p p a r e n t l y  h e a l t h y  f o r  62 days  
w h e r e a s  P.  x e u r a m e r i c a n a  ' 1 - 4 8 8 '  on t h i s  s u b s t r a t e  showed i l l - h e a l t h  
a f t e r  32 d a y s .  Wi th t he  e x c e p t i o n  o f  g i b b e r e l l i c  a c i d  and 
b e n z i m i d a z o l e ,  h i g h  c o n c e n t r a t i o n  ( 100  ppm) o f  t h e  c h e m i c a l s  was no t  
f a v o u r a b l e  t o  t h e  s u r v i v a l f l e a f  d i s k s ,  h o w e v e r ,  c o n c e n t r t i o n s  5 and 50 
ppm m a i n t a i n e d  t h e  l e a f  d i s k s  i n  s a t i s f a c t o r y  c o n d i t i o n  f o r  more t h a n  
20 d a y s .
3 . 3  EFFECT OF CHEMICALS AND THEIR CONCENTRATIONS ON THE CULTIVAR /  RACE 
INTERACTION
In t h e  p r e v i o u s  e x p e r i m e n t  i t  was found t h a t  b e n z i m i d a z o l e  
and g i b b e r e l l i c  a c i d  and t h e i r  c o m b i n a t i o n s  m a i n t a i n e d  t h e  l e a f  d i s k s  
o f  p o p l a r  in a s a t i s f a c t o r y  c o n d i t i o n  f o r  c o n s i d e r a b l e  p e r i o d s .  The
1a 1b
PLATE 3.2.1 Effect of eyeloheximide and spermine on the leaf disks 
of two cultivars of poplar
la - P. x euramericana '1-488' on lOOppm spermine
lb - P. x euramericana '1-488' on lOOppm eyeloheximide
2a - P. alba cv. 'heckeliana' on lOOppm spermine
2b - P. alba cv. 'heckeliana' on lOOppm eyeloheximide
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aim o f  t h e  p r e s e n t  e x p e r i m e n t  was t o  d e t e r m i n e  t h e  e f f e c t  o f  t h e s e  
c h e m i c a l s  and t h e i r  c o n c e n t r a t i o n s  on t h e  c u l t i v a r  /  r a c e  i n t e r a c t i o n .
Two c o n c e n t r a t i o n s  (5 and 50 ppm) o f  t h r e e  c h e m i c a l s  
( b e n z i m i d a z o l e ,  g i b b e r e l l i c  a c i d  and s p e r m i d i n e ) ,  two r a c e s  (A and B) 
o f  l a r i c  i -  p opu l  i na  and c u l t i v a r s  ( P .  x e u r a m e r i c a n a  * I —488 1 and 
P • n i g r a  c v . ' e v e r g r e e n ' )  o f  p o p l a r  were  us ed  in  t h i s  e x p e r i m e n t .  
L e a f  d i s k s  c u t  f rom each  c u l t i v a r  were  i n o c u l a t e d  w i t h  e a c h  r a c e  a s  
d e s r i b e d  e l s e w h e r e  ( s e c t i o n  2 . 5 ,  c h a p t e r  2)  and f l o a t e d  on 10 ppm o f  
e a c h  c h e m i c a l  and i n c u b a t e d  a t  20±2 C w i t h  c a .  100 pE rn s l i g h t  
i n t e n s i t y .  F i f t e e n  r e p l i c a t e s  were m a i n t a i n e d  f o r  e v e r y  t r e a t m e n t  
c o m b i n a t i o n .  D i s e a s e  s e v e r i t y  was a s s e s s e d  on t h e  f o l l o w i n g  
p a r a m e t e r s .  1. I n c u b a t i o n  p e r i o d  f o r  f l e c k  a p p e a r a n c e  (1PF)  and 2.  
U r e d i n i a  p e r  l e a f  d i k s  (ULD) a s s e s s e d  a t  day 14 a f t e r  i n o c u l a t i o n  (The  
d e t a i l s  o f  t h e  p a r a m e t e r s  a r e  d e s c r i b e d  i n  s e c t i o n  2 . 7  o f  c h a p t e r  2 ) .
The r e s u l t s  o b t a i n e d  i n  t h i s  e x p e r i m e n t  a r e  g r o u p e d  by r a c e  
( T a b l e  3 . 3 . 1 )  and by c u l t i v a r  ( 3 . 3 . 2 ) .  I r r e s p e c t i v e  o f  t h e  p a r a m e t e r  
o r  t h e  c o n c e n t r a t i o n ,  r a c e  A i s  more a g g r e s s i v e  t h a n  r a c e  B on 
g i b b e r e l l i c  a c i d  s o l u t i o n .  On b e n z i m i d a z o l e  and s p e r m i d i n e ,  r a c e  A 
was more a g g r e s s i v e  a t  5 ppm w h i l e  a t  50 ppm r a c e  B was more 
a g g r e s s i v e .  Thus i n t e r m s  o f  r a n k i n g  t h e  r e l a t i v e  a g g r e s s i v e n e s s  o f  
e i t h e r  r a c e  A o r  B d ep e n d s  on t h e  c h e m i c a l  and t h e  c o n c e n t r a t i o n  
emp l o y ed  f o r  i n c u b a t i o n  o f  t h e  l e a f  d i s k s .  The s i g n i f i c a n t  ( P < 0 . 0 5 )  
i n t e r a c t i o n  o f  c h e m i c a l  x r a c e  ( f o r  IFF o n l y )  i n  t a b l e  3 . 3 . 3  s u p p o r t s  
t h i s  o b s e r v a t i o n .  The mean u r e d i n i a  p e r  l e a f  d i s k  (ULD) was h i g h e r  on 
g i b b e r e l l i c  a c i d  s o l u t i o n  a t  50 ppm when compared  w i t h  any o t h e r  
t r e a t m e n t  c o m b i n a t i o n .  The l o we s t  mean u r e d i n i a  p e r  l e a f  d i s k  was 
p r o d u c e d  on s p e r m i d i n e .  T h i s  s u p p o r t s  t h e  e a r l i e r  o b s e r v a t i o n  on t h e  
d amag i n g  e f f e c t  o f  s p e r m i d i n e  on t h e  q u a l i t y  o f  l e a f  d i s k s  o f  p o p l a r  
( s e c t i o n  3 . 2 ) .
Exce p t  on b e n z i m i d a z o l e  a t  50 ppm,  P.  x e u r a m e r i c a n a  
' 1 —4 8 8 '  was a l wa y s  more s u s c e p t i b l e  ( b o t h  p a r a m e t e r s )  t h a n  P.  n i g r a  
c v .  ' e v e r g r e e n ' .  The r ank  o r d e r  o f  t h e  mean e f f e c t  o f  c h e m i c a l s  on
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TABLE 3.3.3 Analysis of variance of two parameters of disease
severity resulting from inoculation of two cultivars 
of poplar, with two races of M. lari-ct-populina, 
incubated on two concentrations of each of three 
chemicals.
Source of Variation d.f.
Variance
IPF ULD (103)
Chemicals (Chem) 2 57.60*** 1.71***
Concentrations (Cone) 1 61.66 * * * 1.97*
Races 1 21.01*** 11.13***
Cultivars 1 0.81* 4.95**
Chem x Cone 2 7.51*** 1.13NS
Chem x Race 2 0.10* 1.51NS
Chem x Cultivar 2 0.27NS 0.58NS
Cone x Race 1 0.88NS 1.27NS
Cone x Cultivar 1 0.36NS 0.56NS
Race x Cultivar 1 1.45** 6.83***
Chem x Cone x Race 2 0.278NS 0.98NS
Chem x Race x Cultivar 2 0.278NS 0.4 INS
Chem x Cone x Cultivar 2 0.178NS 0.34NS
Cone x Race x Cultivar 1 1.225NS 0.84NS
Chem x Cone x Race x Cultivar 2 0.000 0.63NS
Residual 336 0.219 0.43
Total 359 0.52
*** Significant at P < 0.001
** Significant at P < 0.01
* Significant at P < 0.05
NS Non significant
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d i s e a s e  i n d u c t i o n  was g i b b e r e l l i c  a c i d  >  b e n z i m i d a z o l e  > s p e r m i d i n e .  
A n a l y s i s  o f  v a r i a n c e  showed s i g n i f i c a n t  v a r i a n c e s  due t o  a l l  t h e  main  
e f f e c t s ;  c h e m i c a l s ,  c o n c e n t r a t i o n s ,  r a c e s  and c u l t i v a r s  ( T a b l e  3 . 3 . 3 ) .  
Wh i l e  f o r  IFF t h e  c h e m i c a l s  and t h e i r  c o n c e n t r a t i o n s  were ma j o r  
c o n t r i b u t o r s  t o  t he  t o t a l  v a r i a n c e ,  f o r  ULD r a c e s  and c u l t i v a r s  were 
t h e  m a j o r  c o n t r i b u t o r s .  The v a r i a n c e s  due t o  c h e mi c a l  x 
c o n c e n t r a t i o n ,  c h e mi c a l  x r a c e  f o r  t h e  p a r a m e t e r  I FF ,  and c u l t i v a r  /  
r a c e  i n t e r a c t i o n s  f o r  bo t h  IFF and ULD, a r e  s i g n i f i c a n t  ( P = 0 . 0 5  o r  
b e y o n d ) .  The c h e m i c a l  x r a c e  i n t e r a c t i o n  whi ch  h a s  t h e  mos t  i m p o r t a n t  
i m p l i c a t i o n s  in t h e  p r e s e n t  e x p e r i m e n t s  i s  o f  a l ower  o r d e r  o f  
m a g n i t u d e  t h a n  t h a t  f o r  r a c e  x c u l t i v a r  ( t a b l e  3 . 3 . 3 ) .  The r e m a i n i n g  
s e c o n d ,  t h i r d  and t he  f o u r t h  o r d e r  i n t e r a c t i o n  be t we e n  d i f f e r e n t  
f a c t o r s  were  non s i g n i f i c a n t .  Thus w h i l e  t h e  c h e m i c a l s  empl oyed  and 
t h e i r  c o n c e n t r a t i o n s  a r e  s i g n i f i c a n t  in t h e  d i s e a s e  l e v e l  i n d u c e d ,  t h e  
r e l a t i v e  s u s c e p t i b i l i t y  o f  c u l t i v a r s  o r  t h e  r e l a t i v e  a g g r e s s i v e n e s s  o f  
t h e  r a c e s  in mos t  i n s t a n c e s  ( I F F  f o r  c h e mi c a l  x r a c e  e x c e p t e d )  i s  no t  
d i f f e r e n t i a l l y  i n f l u e n c e d  by t h e  c h e m i c a l s  o r  t h e  c o n c e n t r a t i o n s  
e m p l o y e d .  The ma j o r  i n t e r a c t i o n  f a c t o r  w h e t h e r  f o r  IFF o r  ULD i s  t h a t  
f o r  r a c e  x c u l t i v a r .
Fo r  e x p e r i m e n t s  r e p o r t e d  in  t h e  t e x t  o f  t h e  t h e s i s ,  l e a f  
d i s k s  were  a l wa y s  i n c u b a t e d  on g i b b e r e l l i c  a c i d  s o l u t i o n  a t  10 ppm.
APPENDIX 4
ORIGIN AND HISTORY OF CULTIVARS AND RACES 
4.1 CULTIVARS OF Populus spp.
The genus Populus belongs to the Sa 1i caceae. It is divided 
into five sections.
I. Section TURANGA Bge.
II. Section LEUCE Duby (Aspens and White poplars)
Sub-sections : Albidae
Trepidae
III. Section AIGEIROS Duby (Black Poplars)
IV. Section TACAMAHACA Spach. (Balsom Poplars)
V. Section LEUCOIDES Spach.
The following cultivars belonging to the section Ageiros 
were used in the study.
1. Populus x euramericana Dode (Guiner) cv.11-488'. A hybrid of 
P. nigra L. (Europe) and P. deltoides Marsh. (North 
Ainer i c a ) .
2. P. x euramericana cv. '1214' - A spontaneous female hybrid 
between P. nigra and P. deltoides.
3. P. x euramericana cv. '63/27' - A controlled cross between
P. deltoides ((^ ) of Texas origin and Fh_ nigra cv.
•f'evergreen1 (0) (WILLING, Personal communication).
4. P. nigra cv. 'evergreen' - A somatic mutant of Chilean
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origin (PRYOR and WILLING, 1965).
5. P. deltoides cv. CM11— - A provenance o f Louisiana origin.
6. P. deltoides cv. ' 7-9' - A provenance of Louisiana origin.
7 . P. deltoides cv. '7-10' - A provenance of Louisiana origin.
8. P. deltoides cv. '7-13' - A provenance o f Louisiana origin.
The number 7 refers to the mother tree and the number that 
follows refers to the seedling.
4.2 PHYSIOLOGIC RAGES OF Me 1 ampsora larici-populina
The genus Me 1 ampsora belongs to Melampsoraceae class Basi- 
diomycytes . The following physiologic races of the fungus were 
employed for different experiments in the study.
Race A Collected from Popu1 us del to ides cv. '66/10' and multiplied 
on the same cultivar
Race B Originally collected from P. yunnanensis and multiplied on 
the same cultivar.
Race C Collected from P. x euramericana cv 
on P. yunnanensis.
'65/27' and multiplied
Race D Collected from P. x euramericana cv. '1-154' and multiplied
on a susceptible cultivar.
Race E Collected from P. x euramcricana cv. '1-488' and multiplied
on a susceptible cultivar.
Race F Collected from P. x euramericana cv. '1-488' and multiplied
on a susceptible cultivar.
APPENDIX 5
MINERAL COMPOSITION OF AQUASOL
Aquasol manufactured by HORT1CO (Pty.) Ltd. Australia, is 
a nutrient mixture applied at low concentration (ca. 200 ppm). to 
nurseries and potted plants. The percentage composition of major and 
minor nutrients in the mixture is as follows
Zinc (Zn) as Zinc Sulphate 0.05
Copper (Cu) as Copper Sulphate 0.06
Molybdenum (Mo) as Sodium Molybdate 0.0013
Sulphur (S) as Sulphate 0.04
Manganese (Mn) as Manganese Sulphate 0.15
Iron (Fe) as Sodium Ferric EDTA 0.06
Boron (Bo) as Sodium Borate 0.011
Magnesium (Mg) as Magnesium Sulphate 0.165
Nitrogen (N) as Mono-ammonium Phosphate 1.8
as Potassium Nitrate 2.6
as Urea 18.6
TOTAL NITROGEN 23.0
Phosphorus (P) as water soluble Ammonium Phosphate 4.0
TOTAL PHOSPHORUS • 4.0
Potassium (P) as Potassium Ni träte 7.8
as Potassium Chloride 10.2
TOTAL POTASSIUM 18.0
MAXIMUM BIURET 0.4
